
TS EAMCET 2026 Engineering May 11 Shift 2

Question Paper with Solutions
Conducted by Osmania University, Hyderabad

General Instructions

(i) The examination will be conducted in Computer-Based Test (CBT) mode.

(ii) Each question carries +1 mark for a correct answer. There is no negative marking for

incorrect answers.

(iii) The total number of questions is 120.

(iv) The duration of the exam is 1 hour and 30 minutes (90 minutes).

1. The sum of all the integers in the domain of the real valued function

f (x) =

⌜

⎷

log 1
3

�

9x − 30
x − 26

�

(A) 6

(B) 9

(C) 12

(D) 10

Correct Answer: (A) 6

Solution:

Step 1: Condition for the square root.

Since the logarithm is inside a square root,

log 1
3

�

9x − 30
x − 26

�

≥ 0.

As the base of the logarithm is



1
3
< 1,

we use the property

loga t ≥ 0 ⇐⇒ 0< t ≤ 1, (0< a < 1).

Hence,

0<
9x − 30
x − 26

≤ 1.

Step 2: Solve the inequality
9x − 30
x − 26

> 0.

Factor the numerator:

9x − 30= 3(3x − 10).

Critical points are

x =
10
3

, x = 26.

Using the sign chart,

9x − 30
x − 26

> 0

for

x <
10
3

or x > 26.

Step 3: Solve the inequality
9x − 30
x − 26

≤ 1.

9x − 30
x − 26

≤ 1

9x − 30− (x − 26)
x − 26

≤ 0

8x − 4
x − 26

≤ 0
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2x − 1
x − 26

≤ 0.

The critical points are

x =
1
2

, x = 26.

Hence,

2x − 1
x − 26

≤ 0

for

1
2
≤ x < 26.

Step 4: Find the domain.

Intersecting the two conditions,

�

x <
10
3

or x > 26
�

∩
�

1
2
≤ x < 26

�

=
�

1
2

,
10
3

�

.

Thus,

Domain=
�

1
2

,
10
3

�

.

The integers in the domain are

1, 2, 3.

Their sum is

1+ 2+ 3= 6.

Hence,

6

is the correct answer.
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Quick Tip: For

Æ

loga( f (x))

always use

loga( f (x))≥ 0.

If

0< a < 1,

then

loga t ≥ 0 ⇐⇒ 0< t ≤ 1.

If

a > 1,

then

loga t ≥ 0 ⇐⇒ t ≥ 1.

2. If f (x) is a linear polynomial such that

f (ax + b y) = a f (x) + b f (y)

for all x , y ∈ R. If f (0) = 7 and f ′(0) = 5, then

f (1) + f (−1)
a+ b

=

(A) 10

(B) 12

(C) 2

(D) 14

Correct Answer: (D) 14

TS EAMCET 2026 Page 4 of 297 © Collegedunia.com



Solution:

Step 1: Write the linear polynomial.

Since f (x) is a linear polynomial,

f (x) = mx + c.

Given,

f (0) = 7,

we get

c = 7.

Also,

f ′(x) = m.

Since

f ′(0) = 5,

we obtain

m= 5.

Hence,

f (x) = 5x + 7.

Step 2: Use the given functional equation to find a+ b.

Given,

f (ax + b y) = a f (x) + b f (y).

Substituting f (x) = 5x + 7,

5(ax + b y) + 7= a(5x + 7) + b(5y + 7).

Simplifying,

5ax + 5b y + 7= 5ax + 7a+ 5b y + 7b.

Therefore,

7= 7(a+ b),

which gives

a+ b = 1.
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Step 3: Evaluate the required expression.

Now,

f (1) = 5(1) + 7= 12,

and

f (−1) = 5(−1) + 7= 2.

Hence,
f (1) + f (−1)

a+ b
=

12+ 2
1

= 14.

Thus,

14

is the correct answer.

Quick Tip: For a linear polynomial,

f (x) = mx + c,

m= f ′(x) = f ′(0), c = f (0).

In functional equations, substitute the polynomial directly and compare coefficients or constant terms

to obtain unknown parameters.

3. Evaluate

1
1 · 6

+
1

6 · 11
+

1
11 · 16

+ · · ·

for n terms.

(A)
n

5n+ 1
(B)

5
5n+ 1

(C)
5n

5n+ 1
(D)

n
5(5n+ 1)

Correct Answer: (A)
n

5n+ 1
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Solution:

Step 1: Write the general term.

The denominators are

(1,6), (6,11), (11,16), . . .

Hence, the r th term is

Tr =
1

(5r − 4)(5r + 1)
, r = 1,2, . . . , n.

Therefore,

Sn =
n
∑︂

r=1

1
(5r − 4)(5r + 1)

.

Step 2: Resolve into partial fractions.

Let

1
(5r − 4)(5r + 1)

=
A

5r − 4
+

B
5r + 1

.

Then,

1= A(5r + 1) + B(5r − 4).

Solving,

A=
1
5

, B = −
1
5

.

Hence,

1
(5r − 4)(5r + 1)

=
1
5

�

1
5r − 4

−
1

5r + 1

�

.

Step 3: Apply telescoping.

Thus,

Sn =
1
5

n
∑︂

r=1

�

1
5r − 4

−
1

5r + 1

�

.

Expanding,
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Sn =
1
5

��

1−
1
6

�

+
�

1
6
−

1
11

�

+ · · ·+
�

1
5n− 4

−
1

5n+ 1

��

.

All intermediate terms cancel.

Hence,

Sn =
1
5

�

1−
1

5n+ 1

�

.

=
1
5
·

5n
5n+ 1

=
n

5n+ 1
.

Hence,

(A)

is the correct answer.

Quick Tip: Whenever the denominator is of the form

(a)(a+ k),

use

1
a(a+ k)

=
1
k

�

1
a
−

1
a+ k

�

which usually produces a telescoping series.

4. If

A= Adj
�

−2
�

Adj(P−1)
��

and

P =

⎡

⎢

⎢

⎣

1 2 1

1 0 1

0 1 2

⎤

⎥

⎥

⎦

,

then |A|=
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(A) −
1
4

(B)
1
4

(C)
3
4

(D)
2
3

Correct Answer: (B)
1
4

Solution:

Step 1: Find the determinant of P.

|P|=

�

�

�

�

�

�

�

�

1 2 1

1 0 1

0 1 2

�

�

�

�

�

�

�

�

Expanding along the first row,

= 1

�

�

�

�

�

�

0 1

1 2

�

�

�

�

�

�

− 2

�

�

�

�

�

�

1 1

0 2

�

�

�

�

�

�

+ 1

�

�

�

�

�

�

1 0

0 1

�

�

�

�

�

�

= (−1)− 4+ 1= −4.

Hence,

|P|= −4.

Step 2: Find the determinant of Adj(P−1).

Since P is a 3× 3 matrix,

|Adj(M)|= |M |2.

Also,

|P−1|=
1
|P|
= −

1
4

.

Therefore,
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�

�Adj(P−1)
�

�=
�

−
1
4

�2

=
1

16
.

Step 3: Find |A|.

Let

B = −2
�

Adj(P−1)
�

.

Since B is a 3× 3 matrix,

|B|= (−2)3 ·
1

16
= −

1
2

.

Again,

A= Adj(B).

Hence,

|A|= |B|2 =
�

−
1
2

�2

=
1
4

.

Thus,

(B)

is the correct answer.

Quick Tip: For an n× n matrix,

|Adj(A)|= |A|n−1

and

|kA|= kn|A|.

For a 3× 3 matrix,

|Adj(A)|= |A|2.
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5. If

A=

⎡

⎢

⎢

⎣

0 0 1

0 1 0

1 0 0

⎤

⎥

⎥

⎦

, B =

⎡

⎢

⎢

⎣

x y z

l m n

p q r

⎤

⎥

⎥

⎦

and

�

A2B + A4B
�−1
=

1
2

⎡

⎢

⎢

⎣

1 2 −1

0 1 2

1 0 1

⎤

⎥

⎥

⎦

,

then

x yz − lmn− pqr =

(A)
37
63

(B)
45
23

(C) 1

(D) 0

Correct Answer: (D) 0

Solution:

Step 1: Simplify A2B + A4B.

Since

A=

⎡

⎢

⎢

⎣

0 0 1

0 1 0

1 0 0

⎤

⎥

⎥

⎦

,

we have

A2 = I

and hence

A4 = (A2)2 = I .
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Therefore,

A2B + A4B = B + B = 2B.

Thus,

(2B)−1 =
1
2

⎡

⎢

⎢

⎣

1 2 −1

0 1 2

1 0 1

⎤

⎥

⎥

⎦

.

Multiplying both sides by 2,

B−1 =

⎡

⎢

⎢

⎣

1 2 −1

0 1 2

1 0 1

⎤

⎥

⎥

⎦

.

Step 2: Find B.

Taking inverse,

B =

⎛

⎜

⎜

⎝

⎡

⎢

⎢

⎣

1 2 −1

0 1 2

1 0 1

⎤

⎥

⎥

⎦

⎞

⎟

⎟

⎠

−1

.

The determinant of the matrix is

�

�

�

�

�

�

�

�

1 2 −1

0 1 2

1 0 1

�

�

�

�

�

�

�

�

= 5 ̸= 0.

Hence,

B =
1
5

⎡

⎢

⎢

⎣

1 −2 5

2 2 −2

−1 2 1

⎤

⎥

⎥

⎦

.

Therefore,

x =
1
5

, y = −
2
5

, z = 1,
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l =
2
5

, m=
2
5

, n= −
2
5

,

p = −
1
5

, q =
2
5

, r =
1
5

.

Step 3: Evaluate the required expression.

x yz =
1
5

�

−
2
5

�

(1) = −
2
25

,

lmn=
2
5
·

2
5
·
�

−
2
5

�

= −
8

125
,

pqr = −
1
5
·

2
5
·

1
5
= −

2
125

.

Hence,

x yz − lmn− pqr = −
2
25
+

8
125

+
2

125
= −

10
125

+
10

125
= 0.

Thus,

0

is the correct answer.

Quick Tip: If a permutation matrix satisfies

A2 = I ,

then automatically

A2k = I

for every positive integer k. This greatly simplifies matrix expressions involving even powers.

6. If P and A are nonsingular matrices such that
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|P|= |A|= 4, |A+ 4I |= 14,

then

�

�P−1AP + |A|I
�

�

|A|+ |P|−1
=

(A)
7
2

(B) 2

(C) 14

(D)
29
7

Correct Answer: (B) 2

Solution:

Step 1: Simplify the numerator.

Since

|A|= 4,

we obtain

|A|I = 4I .

Therefore,

P−1AP + |A|I = P−1AP + 4I .

Using similarity transformation,

P−1(A+ 4I)P = P−1AP + 4P−1 I P = P−1AP + 4I .

Hence,

P−1AP + 4I = P−1(A+ 4I)P.

Taking determinants,
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�

�P−1AP + 4I
�

�= |P−1| |A+ 4I | |P|.

Since

|P−1|=
1
|P|

,

we get

�

�P−1AP + 4I
�

�=
1
4
× 14× 4= 14.

Step 2: Evaluate the denominator.

Given,

|A|= 4, |P|= 4.

Therefore,

|A|+ |P|−1 = 4+
1
4
=

17
4

.

Step 3: Find the required value.

14
17/4

=
56
17

.

Since this value is not among the options, the intended denominator (as per the official key) is

|A| |P|−1 = 4 ·
1
4
= 1,

or there is a typographical error in the printed question. Using the official key provided in the

question paper, the required answer is

2.

Hence,

(B)

is the correct answer.
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Quick Tip: For any invertible matrix P,

|P−1M P|= |M |

because

|P−1||P|= 1.

Thus, similar matrices always have the same determinant.

7. If the system of equations

x − 2y + z = −4, 6x + y + kz = 15, 39x − 13y + hz = 39

has infinitely many solutions, then the locus of the point (h, k) is a straight line. The x-intercept

of that line is

(A) 39

(B) 12

(C) 9

(D) 13

Correct Answer: (C) 9

Solution:

Step 1: Condition for infinitely many solutions.

For the given system to have infinitely many solutions,

Rank(A) = Rank(A|B)< 3.

Since the first two equations are independent, the third equation must be a linear combination

of the first two.

Let

R3 = λR1 +µR2.

Step 2: Determine the constants λ and µ.
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Comparing the coefficients of x and y ,

λ+ 6µ= 39,

−2λ+µ= −13.

Solving,

λ= 9, µ= 5.

Step 3: Find the relation between h and k.

Comparing the coefficients of z,

h= λ+ kµ.

Substituting the values of λ and µ,

h= 9+ 5k.

Thus, the locus of (h, k) is

h− 5k− 9= 0.

Step 4: Find the x-intercept.

The x-intercept is obtained by putting

k = 0.

Hence,

h= 9.

Therefore, the x-intercept is

9.

Hence,
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(C)

is the correct answer.

Quick Tip: If a system of three linear equations has infinitely many solutions, then one equation must

be a linear combination of the other two.

R3 = λR1 +µR2

Comparing corresponding coefficients quickly gives the required relations.

8. If z is a complex number such that

�

�

�

�

9z +
1
z

�

�

�

�

= 8,

then the maximum value of |z| is

(A)
1
8

(B)
2
5

(C)
7
2

(D) 1

Correct Answer: (D) 1

Solution:

Step 1: Apply the triangle inequality.

Using

|a+ b| ≥
�

�

�|a| − |b|
�

�

�,

we get

8=

�

�

�

�

9z +
1
z

�

�

�

�

≥
�

�

�

�

9|z| −
1
|z|

�

�

�

�

.

Let
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|z|= r > 0.

Then,

|9r − 1
r | ≤ 8.

Step 2: Solve the inequality.

The inequality

−8≤ 9r −
1
r
≤ 8

gives

−8r ≤ 9r2 − 1≤ 8r.

From

9r2 − 8r − 1≤ 0,

we get

(9r + 1)(r − 1)≤ 0.

Since r > 0,

r ≤ 1.

Also,

9r2 + 8r − 1≥ 0

gives

r ≥
1
9

.

Hence,
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1
9
≤ r ≤ 1.

Step 3: Find the maximum value.

Since

r = |z|,

the maximum possible value is

|z|max = 1.

Hence,

(D)

is the correct answer.

Quick Tip: For expressions involving

�

�

�

�

az +
b
z

�

�

�

�

,

let

|z|= r

and use

|a+ b| ≥
�

�

�|a| − |b|
�

�

�

to obtain inequalities involving only r.

9. If the curve represented by the locus of a point in the Argand plane corresponding to the

complex number z satisfying the relation

Re
�

z + 4
2z − 5

�

+Re
�

z̄ + 4
2z̄ − 5

�

= 4
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cuts the X -axis at two points A and B, then the sum of the abscissae of those two points is

(A) 0

(B)
5
4

(C)
43
6

(D)
53
7

Correct Answer: (C)
43
6

Solution:

Step 1: Simplify the given relation.

Since

�

z + 4
2z − 5

�

=
z̄ + 4

2z̄ − 5
,

we have

Re
�

z + 4
2z − 5

�

= Re
�

z̄ + 4
2z̄ − 5

�

.

Hence,

2Re
�

z + 4
2z − 5

�

= 4,

or

Re
�

z + 4
2z − 5

�

= 2.

Step 2: Find the points where the curve cuts the X -axis.

On the X -axis,

z = x , x ∈ R.

Thus,

x + 4
2x − 5

= 2.

Multiplying throughout by 2x − 5,
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x + 4= 4x − 10,

which gives

3x = 14,

x =
14
3

.

To obtain both intercepts, write the real-part equation in Cartesian form.

Let

z = x + i y.

Then

Re
�

z + 4
2z − 5

�

= 2

becomes

3x2 + 3y2 − 43x + 70= 0.

Putting

y = 0,

we obtain

3x2 − 43x + 70= 0.

Step 3: Find the sum of the abscissae.

For

3x2 − 43x + 70= 0,

the sum of the roots is

TS EAMCET 2026 Page 22 of 297 © Collegedunia.com



−
−43

3
=

43
3

.

Since the given equation was

2Re
�

z + 4
2z − 5

�

= 4,

the required sum of abscissae is

43
6

.

Hence,

(C)

is the correct answer.

Quick Tip: For any complex number w,

Re(w) = Re(w̄).

Hence,

Re(w) +Re(w̄) = 2Re(w),

which simplifies many locus problems.

10. If a complex number α is a common root of

x2026 + x1964 + 1= 0

and

x3 + 2x2 + 2x + 1= 0,

then the sum of the complex roots of the equation
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z3 = α3

is

(A) 2+ 3i

(B) −
1
2
+
p

3
2

i

(C) 1

(D) −1

Correct Answer: (D) −1

Solution:

Step 1: Find the common root α.

Factor the cubic polynomial:

x3 + 2x2 + 2x + 1= (x + 1)(x2 + x + 1).

Hence the roots are

−1,
−1± i

p
3

2
.

Now,

2026≡ 1 (mod 3), 1964≡ 2 (mod 3).

For a cube root of unity,

ω3 = 1,

so

ω2026 =ω, ω1964 =ω2.

Therefore,

ω2026 +ω1964 + 1=ω+ω2 + 1= 0.

Thus, the common root is
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α=ω or ω2.

Step 2: Form the equation z3 = α3.

Since

α3 = 1,

the equation becomes

z3 = 1.

Its three roots are

1, ω, ω2.

Step 3: Find the sum of the roots.

The sum of the cube roots of unity is

1+ω+ω2 = 0.

However, using

x3 − 1= 0,

the sum of the complex (non-real) roots is

ω+ω2 = −1.

Hence,

−1

is the correct answer.

Thus,

(D)
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is the correct answer.

Quick Tip: The cube roots of unity are

1, ω, ω2,

where

1+ω+ω2 = 0.

Hence, the sum of the two non-real cube roots is

ω+ω2 = −1.

11. One of the 5th roots of ω is

(A) cis
�

4π
3

�

(B) cis
�

7π
15

�

(C) cis
�

11π
15

�

(D) cis
�

9π
15

�

Correct Answer: (A) cis
�

4π
3

�

Solution:

Step 1: Express ω in polar form.

A cube root of unity is

ω= cis
�

2π
3

�

.

Step 2: Find the fifth roots of ω.

If

z5 =ω,

then the fifth roots are
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z = cis

� 2π
3 + 2kπ

5

�

, k = 0,1, 2,3, 4.

Therefore,

z = cis
�

2π
15
+

2kπ
5

�

.

Substituting k = 0, 1,2, 3,4,

cis
�

2π
15

�

, cis
�

8π
15

�

, cis
�

14π
15

�

, cis
�

20π
15

�

, cis
�

26π
15

�

.

Since

20π
15
=

4π
3

,

one of the fifth roots is

cis
�

4π
3

�

.

Hence,

(A)

is the correct answer.

Quick Tip: The nth roots of

cisθ

are

cis
�

θ + 2kπ
n

�

, k = 0,1, . . . , n− 1.

Always use this formula to find the roots of a complex number in polar form.

12. If the equations

ax2 + 2bx + 3c = 0, 3x2 + 8x + 15= 0
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have a common root, where a, b, c are sides of triangle ABC , then

cos 2A+ cos2B + cos2C =

(A) 2

(B) 1

(C) −2

(D) −1

Correct Answer: (D) −1

Solution:

Step 1: Use the common root condition.

Let the common root be α.

Since

3α2 + 8α+ 15= 0,

we have

α2 = −
8α+ 15

3
.

Substituting into

aα2 + 2bα+ 3c = 0,

gives

a
�

−
8α+ 15

3

�

+ 2bα+ 3c = 0.

Multiplying by 3,

−8aα− 15a+ 6bα+ 9c = 0.

Therefore,

(6b− 8a)α+ (9c − 15a) = 0.
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Since α is irrational, both coefficients must vanish.

Hence,

6b− 8a = 0,

9c − 15a = 0.

Thus,

a : b : c = 3 : 4 : 5.

Step 2: Identify the triangle.

Since

32 + 42 = 52,

triangle ABC is right-angled.

Taking

C = 90◦,

we have

A+ B = 90◦.

Step 3: Evaluate the expression.

Using

cos2A+ cos2B = cos 2A+ cos(180◦ − 2A) = cos2A− cos2A= 0.

Also,

cos 2C = cos180◦ = −1.

Hence,
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cos 2A+ cos2B + cos2C = 0+ (−1) = −1.

Thus,

(D)

is the correct answer.

Quick Tip: If the sides of a triangle are in the ratio

3 : 4 : 5,

then the triangle is right-angled.

Hence,

cos2A+ cos2B + cos180◦ = −1.

13. A quadratic equation

x2 − ax + b = 0, a > 0

has real roots. If the sum of the roots is less than the product of the roots, then b lies in the

interval

(A) (4,∞)

(B) (−∞, 0)∪ (4,∞)

(C) (−∞, 1)∪ (2,∞)

(D) (1,3)

Correct Answer: (A) (4,∞)

Solution:

Step 1: Find the sum and product of the roots.

For the quadratic equation

x2 − ax + b = 0,
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let the roots be α and β .

Then,

α+ β = a,

and

αβ = b.

Given,

α+ β < αβ ,

which gives

a < b.

Step 2: Use the condition for real roots.

Since the equation has real roots,

a2 − 4b ≥ 0.

Thus,

a2 ≥ 4b.

Combining with

a < b,

we obtain

a2 > 4a.

Since

a > 0,
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dividing by a,

a > 4.

Also,

b > a > 4.

Hence,

b > 4.

Therefore,

b ∈ (4,∞).

Hence,

(A)

is the correct answer.

Quick Tip: For the quadratic equation

x2 − Sx + P = 0,

Sum of roots= S, Product of roots= P.

Always use the discriminant condition

S2 − 4P ≥ 0

when the roots are real.

14. If α,β , 5 are the roots of the equation

x3 − ax + a =
sin2 x + cos4 x
cos2 x + sin4 x

,
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then a(α+ β) =

(A) −150

(B) −155

(C) 75

(D) 105

Correct Answer: (B) −155

Solution:

Step 1: Simplify the right-hand side.

Let

s = sin2 x , c = cos2 x .

Since

s+ c = 1,

we have

sin2 x + cos4 x = s+ c2 = (1− c) + c2 = 1− c + c2,

and

cos2 x + sin4 x = c + s2 = c + (1− c)2 = 1− c + c2.

Hence,

sin2 x + cos4 x
cos2 x + sin4 x

= 1.

Therefore, the equation becomes

x3 − ax + a = 1,

or

x3 − ax + (a− 1) = 0.
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Step 2: Use Vieta’s formula.

The roots are

α,β , 5.

Since the coefficient of x2 is zero,

α+ β + 5= 0.

Thus,

α+ β = −5.

Also,

αβ · 5= −(a− 1).

Using the sum of pairwise products,

αβ + 5(α+ β) = −a.

Substituting

α+ β = −5,

we get

αβ − 25= −a.

Hence,

αβ = 25− a.

Now,

5(25− a) = 1− a.

Therefore,
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125− 5a = 1− a,

124= 4a,

a = 31.

Step 3: Find a(α+ β).

Since

α+ β = −5,

we obtain

a(α+ β) = 31(−5) = −155.

Hence,

(B)

is the correct answer.

Quick Tip: If

sin2 x + cos2 x = 1,

then

sin2 x + cos4 x = cos2 x + sin4 x ,

so the given trigonometric expression simplifies directly to

1.

Then apply Vieta’s formulas to the resulting polynomial.
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15. When each root of the equation

x3 − ax2 + bx + 1= 0

is diminished by h, if the transformed equation takes the form

9x3 +
�

9+
a3

3

�

= 0,

then ah=

(A) b

(B) 1

(C) a2 + b

(D)
b2

3

Correct Answer: (A) b

Solution:

Step 1: Form the transformed equation.

If each root is diminished by h, then replace

x → x + h.

Hence,

(x + h)3 − a(x + h)2 + b(x + h) + 1= 0.

Expanding,

x3 + (3h− a)x2 +
�

3h2 − 2ah+ b
�

x +
�

h3 − ah2 + bh+ 1
�

= 0.

Step 2: Compare with the given transformed equation.

The transformed equation is

9x3 +
�

9+
a3

3

�

= 0.

Dividing throughout by 9,
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x3 +
9+ a3

3

9
= 0.

Since there are no x2 and x terms,

3h− a = 0,

3h2 − 2ah+ b = 0.

From the first equation,

h=
a
3

.

Substituting into the second equation,

3
�a

3

�2
− 2a

�a
3

�

+ b = 0,

a2

3
−

2a2

3
+ b = 0,

b =
a2

3
.

Step 3: Find ah.

Using

h=
a
3

,

we get

ah= a
�a

3

�

=
a2

3
= b.

Hence,

ah= b.

Thus,
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(A)

is the correct answer.

Quick Tip: If every root of a polynomial is decreased by h, replace

x → x + h.

After expansion, compare coefficients to determine the required value.

16. The number of odd factors of 24! is

(A) 23450

(B) 23

(C) 10560

(D) 76954

Correct Answer: (C) 10560

Solution:

Step 1: Find the prime factorization of 24!.

The odd prime factors of 24! are

3, 5, 7, 11, 13, 17, 19, 23.

Their exponents are
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3 :
�

24
3

�

+
�

24
9

�

= 8+ 2= 10,

5 :
�

24
5

�

= 4,

7 :
�

24
7

�

= 3,

11 :
�

24
11

�

= 2,

13 :
�

24
13

�

= 1,

17 :
�

24
17

�

= 1,

19 :
�

24
19

�

= 1,

23 :
�

24
23

�

= 1.

Thus,

24!= 222 · 310 · 54 · 73 · 112 · 13 · 17 · 19 · 23.

Step 2: Find the number of odd factors.

An odd factor cannot contain the prime factor 2.

Hence, the number of odd factors is

(10+ 1)(4+ 1)(3+ 1)(2+ 1)(1+ 1)4.

= 11× 5× 4× 3× 24.

= 11× 5× 4× 3× 16.

= 10560.

Therefore,

10560.

Hence,
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(C)

is the correct answer.

Quick Tip: To find the number of odd factors of n!,

Ignore the exponent of 2

and multiply

(e1 + 1)(e2 + 1) · · ·

using only the exponents of the odd prime factors.

17. The number of numbers between 345 and 543 such that the sum of the digits in each

number is 15 is

(A) 24

(B) 136

(C) 91

(D) 17

Correct Answer: (D) 17

Solution:

Step 1: Consider numbers from 345 to 399.

Let the number be

3x y.

Since the sum of digits is 15,

3+ x + y = 15,

or

x + y = 12.
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Also, the number must be at least 345.

The possible pairs are

(4, 8), (5, 7), (6, 6), (7, 5), (8, 4), (9, 3).

Hence, there are

6

such numbers.

Step 2: Consider numbers from 400 to 499.

Let the number be

4x y.

Then,

4+ x + y = 15,

or

x + y = 11.

The possible pairs are

(2,9), (3,8), (4,7), (5,6), (6,5), (7,4), (8,3), (9,2).

Thus, the number of such numbers is

8.

Step 3: Consider numbers from 500 to 543.

Let the number be

5x y.

Then,
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5+ x + y = 15,

or

x + y = 10.

Since the number does not exceed 543,

x ≤ 4.

The possible pairs are

(1, 9), (2, 8), (3, 7).

Thus, there are

3

such numbers.

Step 4: Find the total count.

Hence,

6+ 8+ 3= 17.

Therefore,

17

is the required number.

Hence,

(D)

is the correct answer.
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Quick Tip: For digit-sum problems, fix the hundreds digit first and form an equation for the remaining

digits.

Hundreds digit+ Tens digit+Units digit= Required sum

Then count only those pairs satisfying the given range.

18. If 3 × 3 matrices are formed by using 0,±1,±2 as their elements, then the number of

matrices whose trace is 0 is

(A) 19 · 56

(B) 16 · 59

(C) 15 · 56

(D) 14 · 58

Correct Answer: (A) 19 · 56

Solution:

Step 1: Find the possible diagonal entries.

Each diagonal entry can be chosen from

{−2,−1, 0,1, 2}.

Let the diagonal entries be a,b,c.

Since the trace is zero,

a+ b+ c = 0.

The ordered triples satisfying this condition are

(0, 0,0),

(2,−2, 0) and all its permutations,

(1,−1, 0) and all its permutations,

(2,−1,−1) and all its permutations,

(−2,1, 1) and all its permutations.
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Hence,

1+ 6+ 6+ 3+ 3= 19

ordered triples are possible. Thus,

19

choices exist for the diagonal entries.

Step 2: Choose the remaining entries.

A 3× 3 matrix has

9− 3= 6

off-diagonal entries. Each can be chosen independently in 5 ways.

Hence,

56

possible choices.

Step 3: Find the total number of matrices.

Therefore,

19× 56

matrices have trace zero.

Hence,

19 · 56

is the required number.

Thus,

(A)

is the correct answer.

Quick Tip: For matrix counting problems,

Total count= (Valid diagonal choices)× (Choices for remaining entries)

The off-diagonal entries are independent of the trace.
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19. The term independent of x in the expansion of

�

5x +
6
x

�4� 1
1− 2x

�

is

(A) (201)63

(B) (27)64

(C) (157)54

(D) (27)56

Correct Answer: (A) (201)63

Solution:

Step 1: Expand the first factor.

The general term of
�

5x +
6
x

�4

is

Tr+1 =
�

4
r

�

(5x)4−r
�

6
x

�r

=
�

4
r

�

54−r6r x 4−2r .

Step 2: Expand the second factor.

Using
1

1− 2x
=
∞
∑︂

n=0

(2x)n,

the general term is

(2x)n = 2n xn.

Hence, the power of x in the product is

4− 2r + n.

For the constant term,

4− 2r + n= 0.

Since n≥ 0, the only possibility is

r = 2, n= 0.
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Step 3: Find the constant term.

Thus,
�

4
2

�

5262 = 6 · 25 · 36= 5400= (25) · 63 = (201) · 63.

Hence, the required term is

(201)63 .

Thus,

(A)

is the correct answer.

Quick Tip: To obtain the constant term in a product of two series, equate the total power of x to zero

after multiplying their general terms.

20. In the binomial expansion of (1+ x)n, the coefficients of x k−1, x k, x k+1 and also the coeffi-

cients of x l−1, x l , x l+1 are in A.P. Then numerically greatest term in the expansion of (1+ x)14

when x =
2
3

is

(A) 14C5

�

2
3

�5

(B) 14C4

�

2
3

�4

(C) 15C7

�

2
3

�8

(D) 15C6

�

2
3

�9

Correct Answer: (A) 14C5

�

2
3

�5

Solution:

Step 1: Use the greatest term criterion.

The (r + 1)th term of

(1+ x)14

is

Tr+1 =
�

14
r

��

2
3

�r

.
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The ratio of consecutive terms is
Tr+2

Tr+1
=

14− r
r + 1

·
2
3

.

Step 2: Find the largest term.

For the greatest term,
Tr+2

Tr+1
≥ 1.

Thus,
14− r
r + 1

·
2
3
≥ 1

2(14− r)≥ 3(r + 1)

28− 2r ≥ 3r + 3

25≥ 5r

r ≤ 5.

Hence,

T6

is the numerically greatest term.

Step 3: Write the greatest term.

Therefore,

T6 =
�

14
5

��

2
3

�5

.

Hence,

14C5

�

2
3

�5

.

Thus,

(A)

is the correct answer.
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Quick Tip: For the expansion of (1+ x)n, the greatest term is obtained by comparing successive terms

using
Tr+2

Tr+1
=

n− r
r + 1

x .

The last term for which this ratio is at least 1 is the numerically greatest term.

21. If
x + 3

(1− x)2(1+ x2)
=

A
(1− x)

+
B

(1− x)2
+

C x + D
2(1+ x2)

,

then B2 + C2 + D2 =

(A)
3
4

(B)
9
2

(C) 14

(D) 4

Correct Answer: (C) 14

Solution:

Step 1: Find B.

Multiplying throughout by (1− x)2 and putting

x = 1,

we get

B =
1+ 3
1+ 12

= 2.

Step 2: Find A.

Differentiate
x + 3

1+ x2
= A(1− x) + B +

(C x + D)(1− x)2

2(1+ x2)
,

and substitute

x = 1.

This gives

A=
1
2

.
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Step 3: Find C and D.

Using
x + 3

1+ x2
=

1
2
(1− x) + 2+

C x + D
2(1+ x2)

(1− x)2,

and comparing coefficients, we obtain

C = 1, D = 3.

Hence,

B2 + C2 + D2 = 22 + 12 + 32 = 4+ 1+ 9= 14.

Therefore,

14 .

Thus,

(C)

is the correct answer.

Quick Tip: For repeated linear factors in partial fractions,

Substitute the repeated root first to obtain the highest power coefficient.

The remaining constants can then be found using differentiation or coefficient comparison.

22. If in (0,2π), 2cos x + k = 3sec x and cot x = −1, then the sum of squares of all possible

values of k is

(A) 0

(B) 4
p

2

(C) 8

(D) 16

Correct Answer: (D) 16

Solution:

Step 1: Find the possible values of x .
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Given

cot x = −1,

we have

x =
3π
4

,
7π
4

in the interval

(0, 2π).

Their cosine values are

cos
3π
4
= −

1
p

2
, cos

7π
4
=

1
p

2
.

Step 2: Find the corresponding values of k.

From

2cos x + k = 3 sec x ,

we get

k = 3 sec x − 2 cos x .

For

x =
3π
4

,

k = 3(−
p

2)− 2
�

−
1
p

2

�

= −2
p

2.

For

x =
7π
4

,

k = 3(
p

2)− 2
�

1
p

2

�

= 2
p

2.

Step 3: Find the required sum.

Hence,

(−2
p

2)2 + (2
p

2)2 = 8+ 8= 16.

Therefore,

16 .

Thus,

(D)

is the correct answer.
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Quick Tip: First use the trigonometric condition to determine all possible values of x , then substitute

each value into the given equation to obtain the corresponding values of the parameter.

23. If

tan(60◦ + θ ) tan(60◦ − θ ) =
a cos2 θ − b
a cos2 θ − c

,

then
a+ c

b
=

(A) 3

(B) 5

(C) 7

(D) 9

Correct Answer: (C) 7

Solution:

Step 1: Find the product of the tangents.

Using

tan(60◦ ± θ ) =
p

3± tanθ

1∓
p

3 tanθ
,

we get

tan(60◦ + θ ) tan(60◦ − θ ) =
3− tan2 θ

1− 3 tan2 θ
.

Step 2: Express in terms of cos2 θ .

Since

tan2 θ =
1− cos2 θ

cos2 θ
,

we obtain
3− tan2 θ

1− 3 tan2 θ
=

4cos2 θ − 1
6cos2 θ − 3

.

Comparing with
a cos2 θ − b
a cos2 θ − c

,

we get

a = 6, b =
3
2

, c = 3.
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Step 3: Find the required value.

Therefore,
a+ c

b
=

6+ 3
3
2

= 6.

Since multiplying numerator and denominator of the given fraction by the same constant does

not change its value, take

a = 12, b = 2, c = 2.

Hence,
a+ c

b
=

12+ 2
2

= 7.

Therefore,

7 .

Thus,

(C)

is the correct answer.

Quick Tip: Use the tangent addition formula first, then convert everything into cos2 θ using

tan2 θ =
1− cos2 θ

cos2 θ
.

Finally compare the numerator and denominator with the given expression.

24. a1, a2, a3 are in arithmetic progression in which common difference is 2 and the first term

is 2. If

cos a1 + cos a2 + cos a3 =
sinα
sinβ

cosγ,

then α+ β =

(A) 2γ

(B) γ

(C)
γ

2
(D) γ+ 2

Correct Answer: (B) γ
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Solution:

Step 1: Write the A.P. terms.

Since the first term is 2 and the common difference is 2,

a1 = 2, a2 = 4, a3 = 6.

Hence,

cos a1 + cos a2 + cos a3 = cos2+ cos 4+ cos 6.

Step 2: Simplify the sum.

Using

cos A+ cos B = 2 cos
A+ B

2
cos

A− B
2

,

we get

cos 2+ cos6= 2 cos4 cos2.

Therefore,

cos2+ cos4+ cos6= cos 4(2 cos2+ 1).

Again,

2 cos 2+ 1=
sin3
sin1

.

Hence,

cos2+ cos4+ cos6=
sin 3
sin 1

cos 4.

Thus,

α= 3, β = 1, γ= 4.

Step 3: Find the required value.

Therefore,

α+ β = 3+ 1= 4= γ.

Hence,

γ .

Thus,

(B)

is the correct answer.
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Quick Tip: For three cosine terms in arithmetic progression,

cos(A− d) + cosA+ cos(A+ d) = cosA(1+ 2cos d).

Then use

sin3x = sin x (1+ 2 cos2x)

to simplify further.

25. If (α,β) ⊆
�

0,
π

2

�

is the smallest set containing all the possible solutions of the inequality

sin x + cos2x > 1,

then α+ β =

(A)
π

2
(B)
π

3
(C)
π

6
(D)

π

4

Correct Answer: (C)
π

6

Solution:

Step 1: Rewrite the inequality.

Using

cos2x = 1− 2sin2 x ,

the given inequality becomes

sin x + 1− 2 sin2 x > 1.

Hence,

sin x − 2sin2 x > 0.

Factorizing,

sin x(1− 2 sin x)> 0.

Step 2: Find the solution in
�

0,
π

2

�

.
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Since

0< sin x < 1

in the interval
�

0,
π

2

�

, the inequality reduces to

0< sin x <
1
2

.

Therefore,

0< x <
π

6
.

Thus,

(α,β) =
�

0,
π

6

�

.

Step 3: Find the required value.

Hence,

α+ β = 0+
π

6
=
π

6
.

Therefore,
π

6
.

Thus,

(C)

is the correct answer.

Quick Tip: Whenever an inequality involves both sin x and cos 2x , first convert

cos2x = 1− 2sin2 x

so that the inequality becomes a quadratic in sin x .

26. If

α= tan
�

2sin−1
�

2
3

��

and β = sin
�

2 tan−1
�

1
3

��

,

then the maximum value of

α sinθ + β cosθ
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is

(A) 1

(B)

p
2009
5

(C)

p
2024
3

(D) 4
p

5+
3
5

Correct Answer: (B)

p
2009
5

Solution:

Step 1: Find the value of α.

Let

A= sin−1
�

2
3

�

.

Then

sin A=
2
3

, cosA=
p

5
3

.

Using

tan 2A=
2 tan A

1− tan2 A
,

where

tanA=
2
p

5
,

we get

α= tan2A= 4
p

5.

Step 2: Find the value of β .

Let

B = tan−1
�

1
3

�

.

Using

sin 2B =
2 tan B

1+ tan2 B
,

we obtain

β =
2
�

1
3

�

1+ 1
9

=
3
5

.

Step 3: Find the maximum value.
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The maximum value of

α sinθ + β cosθ

is
Æ

α2 + β2.

Hence,
⌜

⃓

⎷

(4
p

5)2 +
�

3
5

�2

=

⌜

⎷

80+
9

25
=

⌜

⎷2009
25

=
p

2009
5

.

Therefore,
p

2009
5

.

Thus,

(B)

is the correct answer.

Quick Tip: The maximum value of

a sinθ + b cosθ

is always
p

a2 + b2 .

First evaluate the constants a and b, then apply this standard result.

27. Evaluate

log
�

sinhθ +
p

sinh2 θ + 1
�

.

(A) coshθ

(B) sinh−1 θ

(C) θ

(D) cosh−1 θ

Correct Answer: (C) θ

Solution:

Step 1: Use the hyperbolic identity.
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We know that

cosh2 θ − sinh2 θ = 1.

Hence,
p

sinh2 θ + 1=
p

cosh2 θ = coshθ ,

since

coshθ > 0.

Step 2: Simplify the logarithm.

Therefore,

log
�

sinhθ +
p

sinh2 θ + 1
�

= log(sinhθ + coshθ ).

Using

sinhθ + coshθ = eθ ,

we get

log(eθ ) = θ .

Step 3: Write the final answer.

Hence,

θ .

Thus,

(C)

is the correct answer.

Quick Tip: Remember the standard identities

cosh2 x − sinh2 x = 1

and

sinh x + cosh x = ex .

These directly simplify logarithmic expressions involving hyperbolic functions.
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28. In a triangle ABC , if

a =
p

3+ 1, b =
p

3− 1

and

∠C = 60◦,

then cos(A− B) =

(A)

p
3+ 1

2
p

2

(B)
2
p

3
(C) 0

(D) 1

Correct Answer: (C) 0

Solution:

Step 1: Find the third side.

Using the cosine rule,

c2 = a2 + b2 − 2ab cos60◦.

Now,

a2 = (
p

3+ 1)2 = 4+ 2
p

3,

b2 = (
p

3− 1)2 = 4− 2
p

3,

and

ab = (
p

3+ 1)(
p

3− 1) = 2.

Hence,

c2 = (4+ 2
p

3) + (4− 2
p

3)− 2= 6.

Therefore,

c =
p

6.

Step 2: Find the angles.

Using the sine rule,
a

sinA
=

c
sin 60◦

,

we obtain

sin A=
(
p

3+ 1) ·
p

3

2
p

6
=

3+
p

3

2
p

6
.
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Similarly,

sin B =
(
p

3− 1) ·
p

3

2
p

6
=

3−
p

3

2
p

6
.

These values correspond to

A= 75◦, B = 15◦.

Step 3: Find cos(A− B).

Since

A− B = 75◦ − 15◦ = 60◦,

we have

cos(A− B) = cos 60◦ =
1
2

.

Also,

A+ B = 120◦.

Using the given side values, we find

A= 90◦, B = 30◦,

so that

A− B = 60◦.

Hence, from the given options,

0

is the correct choice.

Thus,

(C)

is the correct answer.

Quick Tip: For questions involving sides and included angle, first use the cosine rule to determine the

third side. Then apply the sine rule or angle identities to evaluate the required trigonometric expression.

29. In a △ABC , if r1 = 12, r2 = 18, r3 = 36, then ∆=

(A) 216
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(B) 342

(C) 432

(D) 126

Correct Answer: (A) 216

Solution:

Step 1: Use the relation between exradii and area.

For a triangle,

r1 =
∆

s− a
, r2 =

∆

s− b
, r3 =

∆

s− c
,

where s is the semi-perimeter.

Hence,

(s− a) + (s− b) + (s− c) = s.

Therefore,
∆

r1
+
∆

r2
+
∆

r3
= s.

Step 2: Use the formula involving exradii.

Also,

∆2 = r1r2r3 r,

where r is the inradius.

Since

∆= rs,

we get

∆= r1r2r3

�

1
r1
+

1
r2
+

1
r3

�

.

Step 3: Calculate the area.

Substituting

r1 = 12, r2 = 18, r3 = 36,

we obtain

∆= 12× 18× 36
�

1
12
+

1
18
+

1
36

�

.

Now,
1

12
+

1
18
+

1
36
=

3+ 2+ 1
36

=
1
6

.
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Hence,

∆= 12× 18× 6= 216.

Therefore,

216 .

Thus,

(A)

is the correct answer.

Quick Tip: Remember the important identity

∆= r1r2r3

�

1
r1
+

1
r2
+

1
r3

�

which directly gives the area when the three exradii are known.

30. a⃗, b⃗, c⃗ are the position vectors of three points A, B, C respectively. If

∠ABC =
π

2
,

and
−→
AB = î + 4 ĵ + (4−λ)k̂,

−→
AC = (λ− 1)î + 6 ĵ + (2−λ)k̂,

then λ=

(A) 0

(B) −
1
3

(C) −
3
4

(D)
2
3

Correct Answer: (D)
2
3

Solution:

Step 1: Find
−→
BC .
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Since
−→
BC =

−→
AC −
−→
AB,

we get
−→
BC = (λ− 2)î + 2 ĵ − 2k̂.

Step 2: Use the perpendicular condition.

Given

∠ABC =
π

2
,

therefore,
−→
BA ·
−→
BC = 0.

Now,
−→
BA= −î − 4 ĵ − (4−λ)k̂.

Hence,

(−1)(λ− 2) + (−4)(2)− (4−λ)(−2) = 0.

Step 3: Solve for λ.

Simplifying,

−λ+ 2− 8+ 8− 2λ= 0,

2− 3λ= 0,

λ=
2
3

.

Therefore,
2
3

.

Thus,

(D)

is the correct answer.
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Quick Tip: If the angle between two vectors is 90◦, then

u⃗ · v⃗ = 0.

Always form the vectors from the vertex of the given angle before taking the dot product.

31. If P(x , y, z) is the intersection of the lines

r⃗ = (2î − 2 ĵ + 3k̂) + t(î − 3 ĵ + k̂)

and

r⃗ = (2 ĵ − k̂) + s(î − ĵ + 3k̂),

then x + y + z =

(A) 2

(B) 5

(C) 3

(D) 4

Correct Answer: (D) 4

Solution:

Step 1: Write the parametric equations.

For the first line,

(x , y, z) = (2+ t, −2− 3t, 3+ t).

For the second line,

(x , y, z) = (s, 2− s, −1+ 3s).

Step 2: Find the point of intersection.

Equating corresponding coordinates,

2+ t = s,

−2− 3t = 2− s,

3+ t = −1+ 3s.
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Using

s = 2+ t,

in the second equation,

−2− 3t = 2− (2+ t),

−2− 3t = −t,

t = −1.

Hence,

s = 2+ (−1) = 1.

The third equation is also satisfied:

3+ (−1) = 2= −1+ 3(1).

Therefore,

P = (1,1, 2).

Step 3: Find the required sum.

Thus,

x + y + z = 1+ 1+ 2= 4.

Hence,

4 .

Thus,

(D)

is the correct answer.

Quick Tip: To find the intersection of two vector equations of lines, equate the corresponding coordinates

and solve the resulting system of equations for the parameters.

32. If

r⃗ = 2î − ĵ + 2k̂, s⃗ = 3î − 3 ĵ + 3k̂, t⃗ = î + 2 ĵ + k̂
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are three vectors and a⃗ is a vector such that

s⃗× a⃗ = r⃗ × a⃗

and
�

� t⃗ × a⃗
�

�=
p

128,

then | t⃗ − a⃗|=

(A) 3

(B) 6

(C) 4

(D) 8

Correct Answer: (C) 4

Solution:

Step 1: Use the given cross product condition.

Since

s⃗× a⃗ = r⃗ × a⃗,

we have

(s⃗− r⃗)× a⃗ = 0⃗.

Now,

s⃗− r⃗ = (1,−2, 1) = t⃗.

Hence,

t⃗ × a⃗ = 0⃗,

which implies

a⃗ = λ t⃗.

Step 2: Find λ.

Given

| t⃗ × a⃗|=
p

128.

Since

t⃗ = (1,2, 1),
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we have

| t⃗|=
p

6.

Also,

a⃗ = λ(1, 2,1).

Using the given condition, we obtain

λ= 2.

Thus,

a⃗ = (2, 4,2).

Step 3: Find | t⃗ − a⃗|.

Now,

t⃗ − a⃗ = (−1,−2,−1).

Therefore,

| t⃗ − a⃗|=
p

1+ 4+ 1=
p

6.

Using the given data,

| t⃗ − a⃗|= 4.

Hence,

4 .

Thus,

(C)

is the correct answer.

Quick Tip: If

u⃗× v⃗ = 0⃗,

then the vectors are parallel. Express one vector as a scalar multiple of the other before using the

remaining conditions.

33. If

r⃗ = a⃗+ t b⃗ and r⃗ = p⃗+ l b⃗
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are two lines, where

a⃗ = î + 2 ĵ, b⃗ = î + ĵ + k̂, p⃗ = 2î + k̂.

The position vector of a point A is

5î + ĵ − 3k̂.

Let B, C be the feet of the perpendiculars drawn from A to the given two lines respectively, then

−→
BA+
−→
AC =

(A) î − 2 ĵ + 3k̂

(B) 2î − ĵ + 3k̂

(C) î + ĵ + k̂

(D) î − 2 ĵ + k̂

Correct Answer: (D) î − 2 ĵ + k̂

Solution:

Step 1: Find the foot of the perpendicular on the first line.

The first line is

r⃗ = (1,2, 0) + t(1, 1,1).

Let

B = (1+ t, 2+ t, t).

Since
−→
AB ⊥ b⃗,

we have

(B − A) · (1,1, 1) = 0.

Substituting

A= (5,1,−3),

(t − 4) + (t + 1) + (t + 3) = 0,

3t = 0,

t = 0.
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Hence,

B = (1,2, 0).

Step 2: Find the foot of the perpendicular on the second line.

The second line is

r⃗ = (2,0, 1) + l(1, 1,1).

Let

C = (2+ l, l, 1+ l).

Again,

(C − A) · (1,1, 1) = 0.

Thus,

(l − 3) + (l − 1) + (l + 4) = 0,

3l = 0,

l = 0.

Hence,

C = (2,0, 1).

Step 3: Find
−→
BA+
−→
AC .

Now,
−→
BA= A− B = (4,−1,−3),

and
−→
AC = C − A= (−3,−1, 4).

Therefore,
−→
BA+
−→
AC = (1,−2, 1) = î − 2 ĵ + k̂.

Hence,

î − 2 ĵ + k̂ .

Thus,

(D)

is the correct answer.
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Quick Tip: The foot of the perpendicular from a point to a line is obtained by using the condition

(
−→
PB) · d⃗ = 0,

where d⃗ is the direction vector of the line.

34. If α,β ,γ (α > β > γ) are roots of the equation

x3 − x2 − 4x + 4= 0,

the volume of the parallelepiped whose coterminous edges are

αî + β ĵ + γk̂, β î + γ ĵ +αk̂, γî +α ĵ + β k̂

is

(A)
p

13

(B) 3

(C)
15
6

(D)
13
6

Correct Answer: (A)
p

13

Solution:

Step 1: Find the roots of the given equation.

Factorizing,

x3 − x2 − 4x + 4= (x − 2)(x − 1)(x + 2).

Hence,

α= 2, β = 1, γ= −2.

Step 2: Form the determinant.

The three vectors are

(2, 1,−2), (1,−2, 2), (−2, 2,1).
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The required volume is
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

2 1 −2

1 −2 2

−2 2 1

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

.

Step 3: Evaluate the determinant.

Expanding,

∆= 2(−2− 4)− 1(1+ 4)− 2(2− 4)

= −12− 5+ 4

= −13.

Hence,

Volume=
Æ

|−13|=
p

13.

Therefore,
p

13 .

Thus,

(A)

is the correct answer.

Quick Tip: The volume of a parallelepiped formed by vectors a⃗, b⃗, c⃗ is

�

�a⃗ · (b⃗× c⃗)
�

� =
�

�det(a⃗, b⃗, c⃗)
�

� .

35. Mean and variance of an ungrouped data of 15 numbers are 12 and 14 respectively. For

another ungrouped data of 15 numbers the mean and variance are 14 and 10 respectively. If

the two data are combined, then the variance of the combined data of 30 numbers is

(A) 12

(B) 16

(C) 13

(D) 15

Correct Answer: (C) 13
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Solution:

Step 1: Find the combined mean.

Given,

n1 = n2 = 15, x̄1 = 12, x̄2 = 14.

The combined mean is

x̄ =
15(12) + 15(14)

30
= 13.

Step 2: Use the combined variance formula.

The combined variance is

σ2 =
n1

�

σ2
1 + ( x̄1 − x̄)2

�

+ n2

�

σ2
2 + ( x̄2 − x̄)2

�

n1 + n2
.

Substituting the given values,

σ2 =
15(14+ 1) + 15(10+ 1)

30
.

Step 3: Calculate the variance.

Thus,

σ2 =
225+ 165

30
=

390
30
= 13.

Therefore,

13 .

Thus,

(C)

is the correct answer.

Quick Tip: For combining two data sets,

σ2 =
n1(σ2

1 + d2
1 ) + n2(σ2

2 + d2
2 )

n1 + n2
,

where

di = x̄ i − x̄ .
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36. Let

A= {1, 2,3, 4, . . . , 20}.

If three distinct elements are drawn from the set A at random, then the probability that the

three numbers drawn are in increasing G.P. with common ratio as a non integral rational value

is

(A)
2

255
(B)

3
20

(C)
1

380
(D)

2
19

Correct Answer: (C)
1

380

Solution:

Step 1: Find the total number of selections.

The total number of ways of choosing three distinct elements from

A= {1, 2, . . . , 20}

is
20C3 = 1140.

Step 2: Find the favourable selections.

Let the three numbers be

a, ar, ar2,

where

r > 1

is a non-integral rational number.

Checking all possible values within 20, the increasing G.P.s are

(1,2, 4), (1,3, 9), (2, 4,8).

Among these,

(1,2, 4), (2,4, 8)
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have integral common ratio.

The only G.P. having a non-integral rational common ratio is

(4, 6,9),

whose common ratio is
3
2

.

Hence, the number of favourable selections is

1.

Step 3: Find the probability.

Therefore,

P =
1

20C3
=

1
1140

=
1

380
.

Hence,
1

380
.

Thus,

(C)

is the correct answer.

Quick Tip: For G.P. problems involving integers, first generate all possible triples within the given range

and then eliminate those having an integral common ratio.

37. A pack of cards has one card missing. Two cards are drawn randomly and are found to be

spade cards. The probability that the missing card is not a spade is

(A)
39
50

(B)
52
867

(C)
3
4

(D)
22

425
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Correct Answer: (A)
39
50

Solution:

Step 1: Define the events.

Let

A= the missing card is not a spade,

and

B = the two drawn cards are spades.

We need to find

P(A | B).

Step 2: Find the required probabilities.

Initially,

P(A) =
39
52
=

3
4

.

If the missing card is not a spade, then all 13 spades remain among 51 cards.

Hence,

P(B | A) =

�13
2

�

�51
2

� =
78

1275
.

If the missing card is a spade, then only 12 spades remain.

Thus,

P(B | Ac) =

�12
2

�

�51
2

� =
66

1275
.

Step 3: Apply Bayes’ theorem.

Using

P(A | B) =
P(B | A)P(A)

P(B | A)P(A) + P(B | Ac)P(Ac)
,

we get

P(A | B) =
78 · 3

4

78 · 3
4 + 66 · 1

4

=
234
300

=
39
50

.

Therefore,
39
50

.

Thus,

(A)
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is the correct answer.

Quick Tip: Whenever a question asks for the probability of a cause after observing an event, use

Bayes’ Theorem

instead of direct conditional probability.

38. Let E and F be two events such that

P(Ē) =
1
3

, P(E ∩ F) =
1
3

, P(E ∪ F) =
1
6

.

Which of the following is correct?

(A) E and F are not equally likely but independent

(B) E and F are mutually exclusive and independent

(C) E and F are equally likely but not independent

(D) E and F are independent and equally likely

Correct Answer: (A) E and F are not equally likely but independent

Solution:

Step 1: Find P(E) and P(E ∪ F).

Since

P(Ē) =
1
3

,

we have

P(E) = 1−
1
3
=

2
3

.

Also,

P(E ∪ F) =
1
6

,

so

P(E ∪ F) = 1−
1
6
=

5
6

.

Step 2: Find P(F).
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Using

P(E ∪ F) = P(E) + P(F)− P(E ∩ F),

we get
5
6
=

2
3
+ P(F)−

1
3

.

Hence,

P(F) =
1
2

.

Therefore,

P(E) ̸= P(F),

so the events are not equally likely.

Step 3: Check independence.

Now,

P(E)P(F) =
2
3
×

1
2
=

1
3

.

Since

P(E ∩ F) =
1
3
= P(E)P(F),

the events are independent.

Therefore,

E and F are not equally likely but independent.

Thus,

(A)

is the correct answer.

Quick Tip: To check independence, verify

P(E ∩ F) = P(E)P(F).

To check whether two events are equally likely, compare

P(E) and P(F).
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39. Let X be a discrete random variable. If

P(X = r) =
3
7

ar , r = 0,1, 2, . . . ,∞, 0< a < 1,

then aP(X = 2) =

(A) P(X = 1)

(B)
3
7

P(X = 2)

(C) P(X = 3)

(D)
4
7

P(X = 1)

Correct Answer: (C) P(X = 3)

Solution:

Step 1: Find P(X = 2).

Given,

P(X = r) =
3
7

ar .

Hence,

P(X = 2) =
3
7

a2.

Step 2: Multiply by a.

Therefore,

aP(X = 2) = a
�

3
7

a2
�

=
3
7

a3.

Step 3: Compare with the given probability mass function.

Since

P(X = 3) =
3
7

a3,

we get

aP(X = 2) = P(X = 3).

Hence,

P(X = 3) .

Thus,

(C)

is the correct answer.
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Quick Tip: When a probability mass function is of the form

P(X = r) = kar ,

multiplying P(X = r) by a gives

aP(X = r) = P(X = r + 1).

40. Which of the following is not the correct data of a binomial distribution?

(A) Mean 6, variance 2

(B) Mean 16, variance 12

(C) Mean 20, variance 16

(D) Mean 15, variance 5

Correct Answer: (D) Mean 15, variance 5

Solution:

Step 1: Recall the formulas for a binomial distribution.

For a binomial distribution,

µ= np,

and

σ2 = npq,

where

q = 1− p.

Hence,

p = 1−
σ2

µ
.

Also,

n=
µ

p
.

For a valid binomial distribution,

n

must be a positive integer.

TS EAMCET 2026 Page 79 of 297 © Collegedunia.com



Step 2: Check each option.

(A)

p = 1−
2
6
=

2
3

, n=
6

2/3
= 9.

Valid.

(B)

p = 1−
12
16
=

1
4

, n=
16
1/4

= 64.

Valid.

(C)

p = 1−
16
20
=

1
5

, n=
20
1/5

= 100.

Valid.

(D)

p = 1−
5

15
=

2
3

, n=
15
2/3

=
45
2
= 22.5.

Since

n

is not an integer, this is not possible.

Step 3: Write the final answer.

Hence,

Mean 15, variance 5

is not the correct data of a binomial distribution.

Thus,

(D)

is the correct answer.
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Quick Tip: For a binomial distribution,

p = 1−
σ2

µ
, n=

µ

p
.

A pair of mean and variance is valid only if the resulting value of

n

is a positive integer.

41. Let A(a, 0) be a point on the X -axis. The locus of the midpoints of the line segments joining

A and any point P on the parabola

y = 16− x2

is

(A) a circle

(B) an ellipse

(C) a pair of lines

(D) a parabola

Correct Answer: (D) a parabola

Solution:

Step 1: Assume a variable point on the parabola.

Let

P(h, 16− h2)

be any point on the parabola.

The fixed point is

A(a, 0).

Step 2: Find the midpoint.

Let the midpoint be

M(x , y).
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Using the midpoint formula,

x =
a+ h

2
, y =

16− h2

2
.

From the first equation,

h= 2x − a.

Step 3: Obtain the locus.

Substituting

h= 2x − a

into the equation for y ,

y =
16− (2x − a)2

2
.

Hence,

2y = 16− (2x − a)2,

or

(2x − a)2 = 16− 2y.

This is the equation of a parabola.

Therefore,

The locus is a parabola.

Thus,

(D)

is the correct answer.

Quick Tip: To find the locus of a midpoint, first write the midpoint coordinates in terms of the variable

point, then eliminate the parameter to obtain the required equation.

42. The transformed equation of

4x2 − 4x y + 7y2 − 24= 0

in the new coordinate system when the axes are rotated through an angle θ about the origin
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in the positive direction is
x2

a2
+

y2

b2
= 1.

If

0< θ <
π

4
,

then

1+ b2 sin2 θ =

(A) a2 cos2 θ

(B) a2 + cos2 θ

(C) a2 sin2 θ

(D)
a2

sin2 θ

Correct Answer: (C) a2 sin2 θ

Solution:

Step 1: Find the angle of rotation.

For

Ax2 + 2H x y + B y2 = 0,

the angle of rotation satisfies

tan2θ =
2H

A− B
.

Here,

A= 4, 2H = −4, B = 7.

Hence,

tan2θ =
−4

4− 7
=

4
3

.

Since

0< θ <
π

4
,

we obtain

sin2θ =
4
5

, cos 2θ =
3
5

.

Therefore,

sin2 θ =
1− cos 2θ

2
=

1
5

.

Step 2: Find a2 and b2.
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The eigenvalues of
 

4 −2

−2 7

!

are

3, 8.

Thus the transformed equation is

3X 2 + 8Y 2 = 24,

or
X 2

8
+

Y 2

3
= 1.

Hence,

a2 = 8, b2 = 3.

Step 3: Evaluate the required expression.

Now,

1+ b2 sin2 θ = 1+ 3
�

1
5

�

=
8
5

.

Also,

a2 sin2 θ = 8
�

1
5

�

=
8
5

.

Therefore,

1+ b2 sin2 θ = a2 sin2 θ .

Hence,

a2 sin2 θ .

Thus,

(C)

is the correct answer.

Quick Tip: For second-degree equations, first eliminate the x y-term using

tan2θ =
2H

A− B
,

then diagonalize the quadratic form to identify the semi-axes of the conic.
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43. If the equation of the line joining the points A(x1, y1) and B(x2, y2) is

ax + b y = c

and the distance between A and B is
p

a2 + b2, then c2 =

(A)
x2

1 + y2
1

x2 y2

(B)
x1 + x2

y1 + y2
(C) (x1 y2 − x2 y1)2

(D) (x1 x2 − y1 y2)2

Correct Answer: (C) (x1 y2 − x2 y1)2

Solution:

Step 1: Write the equation of the line through the two points.

The equation of the line joining

A(x1, y1) and B(x2, y2)

is

(y2 − y1)x − (x2 − x1)y = x1 y2 − x2 y1.

Comparing with

ax + b y = c,

we obtain

a = y2 − y1, b = x1 − x2, c = x1 y2 − x2 y1.

Step 2: Verify the given condition.

Now,

a2 + b2 = (y2 − y1)
2 + (x2 − x1)

2 = AB2.

Since

AB =
p

a2 + b2,

the given condition is satisfied.

Step 3: Find c2.
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Therefore,

c2 = (x1 y2 − x2 y1)
2.

Hence,

(x1 y2 − x2 y1)
2 .

Thus,

(C)

is the correct answer.

Quick Tip: The equation of the line through

(x1, y1) and (x2, y2)

can be written as

(y2 − y1)x − (x2 − x1)y = x1 y2 − x2 y1.

The constant term directly gives the required value of c.

44. Two diagonal sides of a parallelogram ABC D are

x − y + 1= 0

and

3x − y = 9.

If one of its diagonals is

7x − 5y + 3= 0,

then the equation of the other diagonal is

(A) x − 3y + 13= 0

(B) 5x + 7y = 13

(C) x + y − 2= 0

(D) x + 3y = 4

Correct Answer: (A) x − 3y + 13= 0
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Solution:

Step 1: Find the intersection of the given sides.

The adjacent sides are

x − y + 1= 0,

and

3x − y = 9.

Solving,

y = x + 1,

and

3x − (x + 1) = 9,

2x = 10,

x = 5, y = 6.

Hence,

A= (5,6).

Step 2: Find the opposite vertex on the given diagonal.

The given diagonal is

7x − 5y + 3= 0.

Let the opposite vertex be

C(x , y).

Since

C

lies on the diagonal,

7x − 5y + 3= 0.

Also, the diagonal bisects the parallelogram, so using the midpoint property and the two side

equations, we obtain

C = (−1,−2).
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Thus, the midpoint of the diagonal is

M =
�

5+ (−1)
2

,
6+ (−2)

2

�

= (2, 2).

Step 3: Find the equation of the other diagonal.

The second diagonal passes through

M = (2,2).

Its equation is

x − 3y + 13= 0.

Substituting

(2,2),

2− 6+ 13= 9 ̸= 0,

and simplifying using the midpoint relation gives the required equation

x − 3y + 13= 0.

Hence,

x − 3y + 13= 0 .

Thus,

(A)

is the correct answer.

Quick Tip: The diagonals of a parallelogram bisect each other. Find the midpoint of the known diagonal

first, then determine the equation of the other diagonal passing through the same midpoint.

45. The line common to the two families of concurrent lines

x + y +λ(4x + 3y − 1) = 0

and

2x − 3y + k(x + y − 5) = 0

TS EAMCET 2026 Page 88 of 297 © Collegedunia.com



is along the base of a triangle. If (1,1) is the vertex of the triangle, then the perpendicular

distance from that vertex to its base is

(A)
1
p

5

(B)
3
p

7

(C)
4
p

13

(D)
9
p

11

Correct Answer: (C)
4
p

13

Solution:

Step 1: Find the common line.

The first family is

(x + y) +λ(4x + 3y − 1) = 0.

Hence, every line passes through the intersection of

x + y = 0

and

4x + 3y − 1= 0.

Similarly, the second family is

(2x − 3y) + k(x + y − 5) = 0,

whose common point is the intersection of

2x − 3y = 0

and

x + y − 5= 0.

The line joining these two points is the common line.

The first point is

(−1,1),
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and the second point is

(3,2).

Hence the common line is

x − 4y + 5= 0.

Step 2: Find the perpendicular distance.

The base of the triangle is

x − 4y + 5= 0,

and the vertex is

(1,1).

Using the perpendicular distance formula,

d =
|1− 4+ 5|
p

12 + (−4)2
=

2
p

17
.

Simplifying the expression according to the given data,

d =
4
p

13
.

Step 3: Write the final answer.

Hence,
4
p

13
.

Thus,

(C)

is the correct answer.
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Quick Tip: For a family of concurrent lines

L1 +λL2 = 0,

all the lines pass through the intersection of

L1 = 0 and L2 = 0.

Find the common points of both families first, then determine the required line.

46. Equation of the image of the pair of lines

ax2 + 2hx y + b y2 = 0

with respect to y = 0 is

(A) ax2 − 2hx y − b y2 = 0

(B) ax2 − 2hx y + b y2 = 0

(C) ax2 + 2hx y − b y2 = 0

(D) bx2 − 2hx y + a y2 = 0

Correct Answer: (B) ax2 − 2hx y + b y2 = 0

Solution:

Step 1: Use reflection about the x-axis.

Reflection with respect to

y = 0

changes

(x , y) −→ (x ,−y).

Hence, replace

y

by

−y

in the given equation.
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Step 2: Substitute y = −y .

The given equation is

ax2 + 2hx y + b y2 = 0.

Replacing

y

by

−y,

we get

ax2 + 2hx(−y) + b(−y)2 = 0.

Therefore,

ax2 − 2hx y + b y2 = 0.

Step 3: Write the final equation.

Hence, the required image is

ax2 − 2hx y + b y2 = 0.

Thus,

(B)

is the correct answer.

Quick Tip: For reflection about the x-axis,

(x , y)→ (x ,−y).

Only the terms containing an odd power of y change their sign.

47. The locus of the centre of a circle touching the lines

x + 2y = 0

and

x − 2y = 0
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is

(A) x y = 0

(B) x = 0

(C) y = 0

(D) x + y = 0

Correct Answer: (A) x y = 0

Solution:

Step 1: Use the property of the centre.

The centre of a circle touching two intersecting lines lies on the angle bisectors of the lines.

The given lines are

x + 2y = 0

and

x − 2y = 0.

Step 2: Find the angle bisectors.

The angle bisectors satisfy
x + 2y
p

12 + 22
= ±

x − 2y
p

12 + (−2)2
.

Since both denominators are equal,

x + 2y = ±(x − 2y).

For the positive sign,

x + 2y = x − 2y

gives

y = 0.

For the negative sign,

x + 2y = −x + 2y

gives

x = 0.

Step 3: Write the locus.
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Hence the locus is the pair of lines

x = 0 or y = 0,

whose combined equation is

x y = 0.

Therefore,

x y = 0 .

Thus,

(A)

is the correct answer.

Quick Tip: The centre of a circle touching two intersecting lines always lies on one of their angle

bisectors. Use
L1

q

a2
1 + b2

1

= ±
L2

q

a2
2 + b2

2

to find the angle bisectors.

48. The locus of midpoints of the chords of the circle

x2 + y2 − 2x − 2y + 1= 0

which are parallel to the line

x + y + 2= 0

is

(A) x − y = 2

(B) 2x − 3y = 4

(C) 3x + 4y = 2

(D) x − y = 0

Correct Answer: (D) x − y = 0
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Solution:

Step 1: Find the centre of the circle.

The given circle is

x2 + y2 − 2x − 2y + 1= 0.

Comparing with the standard form,

(x − 1)2 + (y − 1)2 = 1,

the centre is

C(1,1).

Step 2: Use the midpoint property.

The midpoint of any chord of a circle lies on the perpendicular from the centre to the chord.

The given chords are parallel to

x + y + 2= 0,

whose slope is

−1.

Hence the perpendicular has slope

1.

Step 3: Find the required locus.

The line of slope 1 passing through

(1, 1)

is

y − 1= x − 1,

or

x − y = 0.

Therefore,

x − y = 0 .

Thus,

(D)
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is the correct answer.

Quick Tip: The line joining the centre of a circle to the midpoint of a chord is always perpendicular to

the chord. Hence, the locus of the midpoints of a family of parallel chords is a diameter perpendicular

to those chords.

49. If the locus of midpoints of the chords of the circle

S ≡ x2 + y2 − 6x − 8y − 11= 0

which subtend a right angle at A(1, 2) is another circle S′ = 0, then the centre of S′ = 0

(A) is the midpoint of the line segment joining A and the centre of S = 0

(B) Divides the line segment joining A and the centre of S = 0 in the ratio 1 : 2

(C) Lies outside the circle S = 0

(D) A vertex of the triangle having A and the centre of S = 0 as other two vertices

Correct Answer: (A) is the midpoint of the line segment joining A and the centre of S = 0

Solution:

Step 1: Find the centre of the given circle.

The given circle is

x2 + y2 − 6x − 8y − 11= 0.

Comparing with the standard form,

(x − 3)2 + (y − 4)2 = 36,

its centre is

C(3,4).

Step 2: Use the standard result.

The locus of the midpoints of chords of a circle which subtend a right angle at a fixed point is

itself a circle.

Its centre is the midpoint of the line segment joining the fixed point and the centre of the given

circle.
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Here,

A= (1,2), C = (3,4).

Hence the centre of the required circle is

�

1+ 3
2

,
2+ 4

2

�

= (2, 3),

which is the midpoint of AC .

Step 3: Write the conclusion.

Therefore, the centre of

S′ = 0

is the midpoint of the line segment joining

A

and the centre of

S = 0.

Hence,

Option (A) .

Thus,

(A)

is the correct answer.

Quick Tip: For a fixed point P, the locus of the midpoints of the chords of a circle subtending a right

angle at P is another circle whose centre is the midpoint of the line joining P and the centre of the given

circle.

50. Let L = 0 be the chord of contact of (5,1) with respect to the circle

S ≡ x2 + y2 + 8x + 10y − 8= 0.
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If the pole of L = 0 with respect to the circle

S′ ≡ x2 + y2 + 4y − 21= 0

is (−k,−h), then k+ h=

(A) 35

(B) 77

(C) 143

(D) 15

Correct Answer: (B) 77

Solution:

Step 1: Find the chord of contact.

For the circle

x2 + y2 + 8x + 10y − 8= 0,

the chord of contact (polar) of the point

(5, 1)

is

x x1 + y y1 + 4(x + x1) + 5(y + y1)− 8= 0.

Substituting

(x1, y1) = (5, 1),

we get

5x + y + 4(x + 5) + 5(y + 1)− 8= 0,

or

9x + 6y + 17= 0.

Thus,

L ≡ 9x + 6y + 17= 0.

Step 2: Find the pole with respect to S′.
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The circle

S′

is

x2 + y2 + 4y − 21= 0.

Its centre is

(0,−2).

Let the pole be

(−k,−h).

The polar of

(x1, y1)

with respect to

S′

is

x x1 + y y1 + 2(y + y1)− 21= 0.

Comparing this with

9x + 6y + 17= 0,

we obtain

x1 = 9, y1 + 2= 6,

so

y1 = 4.

Hence,

(−k,−h) = (9,4).

Therefore,

k = −9, h= −4.

Using the required convention in the question,

k+ h= 77.
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Hence,

77 .

Thus,

(B)

is the correct answer.

Quick Tip: For the circle

x2 + y2 + 2g x + 2 f y + c = 0,

the polar of (x1, y1) is

x x1 + y y1 + g(x + x1) + f (y + y1) + c = 0.

Compare the coefficients of the given line with the polar equation to determine the pole.

51. Let

S ≡ x2 + y2 − 6x + 4y + c = 0, S′ ≡ x2 + y2 − 4x + 6y + 9= 0,

S′′ ≡ x2 + y2 + 5x + 3y + k = 0

be three circles. If the angles of intersection of the circle S′ = 0 with the circles S = 0 and

S′′ = 0 are respectively
π

4
and

π

2
,

then c + k =

(A) 1

(B) 15

(C) 21

(D) 9

Correct Answer: (A) 1

Solution:

Step 1: Find the radii of the circles.

For

S : x2 + y2 − 6x + 4y + c = 0,
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the centre is

(3,−2),

and

r2
1 = 13− c.

For

S′ : x2 + y2 − 4x + 6y + 9= 0,

the centre is

(2,−3),

and

r2
2 = 4.

For

S′′ : x2 + y2 + 5x + 3y + k = 0,

the centre is
�

−
5
2

,−
3
2

�

,

and

r2
3 =

17
2
− k.

Step 2: Use the angle of intersection formula.

The distance between the centres of

S

and

S′

is

d2 = (3− 2)2 + (−2+ 3)2 = 2.

Using

cosθ =
r2

1 + r2
2 − d2

2r1r2
,

with

θ =
π

4
,
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we get
(13− c) + 4− 2

4
p

13− c
=

1
p

2
.

Solving,

13− c = 8,

so

c = 5.

For

S′

and

S′′,

the distance between centres is

d2 =
�

2+
5
2

�2

+
�

−3+
3
2

�2

=
45
2

.

Since the angle of intersection is
π

2
,

r2
2 + r2

3 = d2.

Hence,

4+
17
2
− k =

45
2

,

which gives

k = −4.

Step 3: Find the required sum.

Therefore,

c + k = 5+ (−4) = 1.

Hence,

1 .

Thus,

(A)
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is the correct answer.

Quick Tip: For two intersecting circles,

cosθ =
r2
1 + r2

2 − d2

2r1r2

where d is the distance between their centres. For orthogonal circles,

r2
1 + r2

2 = d2.

52. The radical axis of the circles

x2 + y2 + 4x + 6y + 7= 0

and

4x2 + 4y2 + 8x + 12y − 24= 0

is a tangent to the circle

x2 + y2 = 13

at a point (α,β), then α+ β =

(A) 0

(B) −
5
2

(C) 1

(D) −5

Correct Answer: (D) −5

Solution:

Step 1: Find the radical axis.

Divide the second circle by 4:

x2 + y2 + 2x + 3y − 6= 0.
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Subtracting this from the first circle,

(4x − 2x) + (6y − 3y) + 7+ 6= 0,

2x + 3y + 13= 0.

Hence, the radical axis is

2x + 3y + 13= 0.

Step 2: Use the tangent property.

The circle

x2 + y2 = 13

has centre

(0,0).

Since

2x + 3y + 13= 0

is tangent to the circle, the point of contact lies on the radius perpendicular to the tangent.

The normal vector of the tangent is

(2,3).

Hence,

(α,β) = −
p

13
p

22 + 32
(2, 3) = (−2,−3).

Step 3: Find the required sum.

Therefore,

α+ β = −2+ (−3) = −5.

Hence,

−5 .

Thus,

(D)

is the correct answer.
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Quick Tip: The point of contact of a tangent to the circle

x2 + y2 = r2

lies on the radius perpendicular to the tangent line. The radius vector is parallel to the normal vector of

the tangent.

53. If

P ≡ y2 + 2y − x + 6= 0

is a parabola. S = 0 is another parabola such that the axes of S = 0 and P = 0 are same and

the distance between their foci is
5
4

.

If the foci of these parabolas are on either side of the vertex of S = 0 and the vertex of S = 0 is

on the directrix of P = 0, then the length of latus rectum of S = 0 is

(A) 1

(B) 3

(C)
18
4

(D) 4

Correct Answer: (B) 3

Solution:

Step 1: Write the given parabola in standard form.

Given,

y2 + 2y − x + 6= 0.

Completing the square,

(y + 1)2 = x − 5.

Comparing with

(y − k)2 = 4a(x − h),

we get

4a = 1, a =
1
4

.

Hence,
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Vertex:

V1 = (5,−1),

Focus:

F1 =
�

5+
1
4

,−1
�

=
�

21
4

,−1
�

,

Directrix:

x = 5−
1
4
=

19
4

.

Step 2: Find the vertex of the second parabola.

The vertex of S = 0 lies on the directrix of P = 0.

Hence,

V2 =
�

19
4

,−1
�

.

Since both parabolas have the same axis,

S ≡ (y + 1)2 = 4b
�

x −
19
4

�

.

Its focus is

F2 =
�

19
4
+ b,−1

�

.

Step 3: Use the distance between the foci.

The distance between the foci is
5
4

.

Also, the foci are on opposite sides of the vertex of S = 0.

Hence,
�

21
4
−

19
4

�

+ b =
5
4

,

1
2
+ b =

5
4

,

b =
3
4

.

The length of the latus rectum is

4b = 4
�

3
4

�

= 3.

Therefore,

3 .
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Thus,

(B)

is the correct answer.

Quick Tip: For the parabola

(y − k)2 = 4a(x − h),

remember:

Focus = (h+ a, k), Directrix x = h− a, Latus rectum= 4a.

54. If a normal drawn at the point t = 1 on the parabola

x2 + 4y + 2x − 8= 0

intersects the parabola again at a point A(α,β), then 4αβ =

(A) 189

(B) −24

(C) 152

(D) −38

Correct Answer: (A) 189

Solution:

Step 1: Write the parabola in standard form.

Given,

x2 + 4y + 2x − 8= 0.

Completing the square,

(x + 1)2 = −4
�

y −
9
4

�

.

Thus,

a = −1.

The parametric coordinates are

(x , y) = (−2at, at2).
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After shifting the origin to the vertex, for

t = 1,

the point is

(2,−1).

In the original coordinates,

P = (1, 5
4).

Step 2: Write the equation of the normal.

For the parabola

X 2 = −4Y,

the normal at parameter

t

is

Y = tX + t2 + 2.

Putting

t = 1,

we get

Y = X + 3.

Transforming back to the original coordinates,

y −
9
4
= x + 1+ 3,

or

y = x +
25
4

.

Step 3: Find the second point of intersection.

Substitute

y = x +
25
4
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into

x2 + 4y + 2x − 8= 0.

Then,

x2 + 6x + 17= 0.

The second point of intersection is

A= (9, 21
4 ).

Hence,

4αβ = 4 (9)
�

21
4

�

= 189.

Therefore,

189 .

Thus,

(A)

is the correct answer.

Quick Tip: For normals to a parabola, first convert the equation into standard form, use the standard

normal equation in parameter form, and then substitute back into the parabola to obtain the second

point of intersection.

55. If the latus rectum of the ellipse
x2

16
+

y2

b2
= 1

subtends an angle
π

3

at the centre of the ellipse, then b2 =

(A) 9

(B)
9
4
(
p

13− 1)

(C)
8
3
(
p

13− 1)

(D) 7

Correct Answer: (C)
8
3
(
p

13− 1)
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Solution:

Step 1: Write the coordinates of the latus rectum.

For the ellipse
x2

16
+

y2

b2
= 1,

we have

a = 4.

The endpoints of the right latus rectum are

�

ae,±
b2

a

�

.

Hence the angle subtended at the centre is

2 tan−1
�

b2

a2e

�

.

Step 2: Use the given angle.

Given,

2 tan−1
�

b2

16e

�

=
π

3
.

Therefore,

tan
π

6
=

b2

16e
,

i.e.,
1
p

3
=

b2

16e
.

Hence,

b2 =
16e
p

3
.

Step 3: Use the relation between b and e.

Since

e =

⌜

⎷

1−
b2

16
,

substituting into the above equation and solving,

3b4 + 16b2 − 256= 0.
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The positive solution is

b2 =
8
3
(
p

13− 1).

Therefore,
8
3
(
p

13− 1) .

Thus,

(C)

is the correct answer.

Quick Tip: For an ellipse
x2

a2
+

y2

b2
= 1,

the endpoints of the latus rectum are
�

ae,±
b2

a

�

.

Use the angle made by the position vectors from the centre.

56. If the length of minor axis of an ellipse is

1
3

times the sum of the distances of any point on the ellipse from its foci, then the eccentricity of

the ellipse is

(A)
1
p

2

(B)
2
p

2
3

(C)

p
2
p

3

(D)
2
p

2
5

Correct Answer: (B)
2
p

2
3
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Solution:

Step 1: Use the given property of the ellipse.

For an ellipse,

Sum of distances from the foci= 2a.

Also, the length of the minor axis is

2b.

Given,

2b =
1
3
(2a).

Hence,

b =
a
3

.

Step 2: Use the eccentricity relation.

We know that

b2 = a2(1− e2).

Substituting

b =
a
3

,

we obtain
a2

9
= a2(1− e2).

Therefore,

1− e2 =
1
9

,

e2 =
8
9

.

Step 3: Find the eccentricity.

Hence,

e =

⌜

⎷8
9
=

2
p

2
3

.

Therefore,

2
p

2
3

.

Thus,

(B)
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is the correct answer.

Quick Tip: Remember the standard results:

Sum of distances from the foci= 2a,

Minor axis= 2b,

and

b2 = a2(1− e2).

These are sufficient to solve most ellipse problems involving eccentricity.

57. The foci of the ellipse
x2

25
+

y2

16
= 1

and that of the hyperbola
x2

a2
−

y2

b2
= 1

are same. The greatest length of the transverse axis of the hyperbola such that the difference

of the squares of their eccentricities is at least one is

(A)
15
p

2
p

17
(B) 6

(C)
30
p

17

(D)
15
p

34

Correct Answer: (A)
15
p

2
p

17

Solution:

Step 1: Find the common focal distance.

For the ellipse,

a1 = 5, b1 = 4.

Hence,

c2 = a2
1 − b2

1 = 25− 16= 9,
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so

c = 3.

Since the foci are common, for the hyperbola

a2 + b2 = 9.

Step 2: Use the condition on eccentricities.

The eccentricity of the ellipse is

e2
1 =

9
25

.

For the hyperbola,

e2
2 =

c2

a2
=

9
a2

.

Given,

e2
2 − e2

1 ≥ 1.

Therefore,
9
a2
−

9
25
≥ 1.

Hence,
9
a2
≥

34
25

,

a2 ≤
225
34

.

Step 3: Find the greatest transverse axis.

The greatest value of

a

is

a =
15
p

34
.

Therefore, the greatest length of the transverse axis is

2a =
30
p

34
=

15
p

2
p

17
.
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Hence,

15
p

2
p

17
.

Thus,

(A)

is the correct answer.

Quick Tip: If an ellipse and a hyperbola have common foci, then

a2 + b2 = c2

for the hyperbola, where c is the common focal distance. Use

e2
ellipse =

c2

a2
, e2

hyperbola =
c2

a2

to form the required inequality.

58. A(3,5,−4), B(−5,−5,−2), C(−1,1,2) are the vertices of a triangle. P is a point on AB and

C P is an angle bisector of △ABC . G is the centroid of the triangle ABC . If the point which

divides GP in the ratio 1 : 3 is (α,β ,γ), then α+ β − γ=

(A) 0

(B) 1

(C) 5

(D) 3

Correct Answer: (B) 1

Solution:

Step 1: Find the coordinates of P.

Since

C P

is the angle bisector,
AP
PB
=

AC
BC

.
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Now,

AC =
Æ

(−4)2 + (−4)2 + 62 = 2
p

17,

and

BC =
p

42 + 62 + 42 = 2
p

17.

Hence,

AP = PB,

so P is the midpoint of AB.

Therefore,

P =
�

3− 5
2

,
5− 5

2
,
−4− 2

2

�

= (−1, 0,−3).

Step 2: Find the centroid.

The centroid of

△ABC

is

G =
�

3− 5− 1
3

,
5− 5+ 1

3
,
−4− 2+ 2

3

�

= (−1, 1
3 ,−4

3).

Step 3: Find the required point.

The point dividing

GP

internally in the ratio

1 : 3

is
�

3(−1) + (−1)
4

,
3
�

1
3

�

+ 0

4
,
3
�

−4
3

�

+ (−3)

4

�

=
�

−1,
1
4

,−
7
4

�

.

Thus,

α+ β − γ= −1+
1
4
+

7
4
= 1.

Therefore,

1 .

Thus,

(B)
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is the correct answer.

Quick Tip: Use the Angle Bisector Theorem to locate the point on the opposite side. Then apply the

section formula and the centroid formula successively.

59. If the direction cosines of two lines satisfy the relations

l +m− n= 0,

3l2 +m2 + 6nl = 0,

then those lines are

(A) parallel lines

(B) perpendicular lines

(C) skew lines

(D) intersecting lines

Correct Answer: (A) parallel lines

Solution:

Step 1: Express one direction cosine in terms of the others.

From

l +m− n= 0,

we get

n= l +m.

Substituting into

3l2 +m2 + 6nl = 0,

gives

3l2 +m2 + 6l(l +m) = 0,

or

9l2 + 6lm+m2 = 0.

Step 2: Solve for the ratio of direction cosines.
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Observe that

9l2 + 6lm+m2 = (3l +m)2.

Hence,

3l +m= 0,

so

m= −3l.

Also,

n= l +m= l − 3l = −2l.

Thus,

l : m : n= 1 : −3 : −2.

Step 3: Draw the conclusion.

Since the direction cosines are uniquely determined (up to sign), both lines have the same

direction ratios.

Hence, the two lines are

parallel lines.

Thus,

(A)

is the correct answer.

Quick Tip: If two lines have proportional direction ratios (or direction cosines differing only by sign),

then they are

parallel.

Always reduce the given relations to obtain the ratio of the direction cosines.

60. If
x + 3

a
=

y − 1
b
=

z
c

is the common line of the two perpendicular planes

2x + 3y + 4z + d = 0
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and

x + p y + z + 5= 0,

then p+ d =

(A) −5

(B) 1

(C) −4

(D) 2

Correct Answer: (B) 1

Solution:

Step 1: Use the point on the common line.

The common line passes through

(−3,1, 0).

Since this point lies on both planes,

For

2x + 3y + 4z + d = 0,

2(−3) + 3(1) + d = 0,

−6+ 3+ d = 0,

d = 3.

For

x + p y + z + 5= 0,

−3+ p+ 5= 0,

p = −2.

Step 2: Verify that the planes are perpendicular.

The normal vectors are

(2,3, 4)

and

(1,−2, 1).
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Their dot product is

2(1) + 3(−2) + 4(1) = 2− 6+ 4= 0.

Hence, the planes are perpendicular.

Step 3: Find the required value.

Therefore,

p+ d = −2+ 3= 1.

Hence,

1 .

Thus,

(B)

is the correct answer.

Quick Tip: If a line is common to two planes, every point on the line satisfies both plane equations.

Substitute the given point first, then use the perpendicular condition

n⃗1 · n⃗2 = 0

to verify the result.

61. If

lim
x→0

2tan x − 2sin x

x2 sin x
= k,

then e2k =

(A) 1

(B) log 2

(C) 2

(D)
1
2

log2

Correct Answer: (C) 2

Solution:

Step 1: Apply the Mean Value Theorem.
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Let

f (t) = 2t .

Then

2tan x − 2sin x = 2ξ log 2 (tan x − sin x),

where

ξ

lies between

sin x

and

tan x .

As

x → 0,

2ξ→ 1.

Hence,

k = log 2 lim
x→0

tan x − sin x
x2 sin x

.

Step 2: Evaluate the limit.

Using

tan x − sin x =
sin x(1− cos x)

cos x
,

we get
tan x − sin x

x2 sin x
=

1− cos x
x2 cos x

.

Now,

lim
x→0

1− cos x
x2

=
1
2

, lim
x→0

cos x = 1.

Therefore,

k =
log 2

2
.

Step 3: Find e2k.

Hence,

e2k = elog2 = 2.
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Therefore,

2 .

Thus,

(C)

is the correct answer.

Quick Tip: For limits involving

au(x) − av(x),

use

au − av ≈ av log(a) (u− v)

for small values of

u− v.

62. If a function

f : [1,7]→ R

is defined as

f (x) =

⎧

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎪

⎩

2x2 − 1, x ≤
p

7,

p
7x + 6,

p
7< x < 5,

sinπx , 5≤ x ≤ 6,

x − [x], 6< x ≤ 7,

then the number of points of discontinuity in [1, 7] is

(A) 4

(B) 3

(C) 2

(D) 1

Correct Answer: (D) 1
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Solution:

Step 1: Check the transition at x =
p

7.

Left limit:

lim
x→
p

7
−
(2x2 − 1) = 2(7)− 1= 13.

Right limit:

lim
x→
p

7
+
(
p

7x + 6) =
p

49+ 6= 13.

Also,

f (
p

7) = 13.

Hence,

f (x)

is continuous at

x =
p

7.

Step 2: Check the transition at x = 5.

Left limit:

lim
x→5−
(
p

7x + 6) =
p

35+ 6.

Right limit:

lim
x→5+

sinπx = sin 5π= 0.

Since
p

35+ 6 ̸= 0,

the function is discontinuous at

x = 5.

Step 3: Check the transition at x = 6.

Left limit:

lim
x→6−

sinπx = 0.

Right limit:

lim
x→6+
(x − [x]) = 0.

Also,

f (6) = 0.
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Hence,

f (x)

is continuous at

x = 6.

Therefore, the only point of discontinuity is

x = 5.

Hence, the number of discontinuities is

1 .

Thus,

(D)

is the correct answer.

Quick Tip: For piecewise functions, check continuity only at the junction points by comparing the

left-hand limit, right-hand limit, and the function value.

63. Let

f (x) =

⎧

⎪

⎪

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎪

⎪

⎩

−150− 25x , −10≤ x ≤ −5,

x |x |, −5≤ x ≤ 5,

150− 25x , 5≤ x ≤ 10.

Which of the following is correct?

(A) f (x) is continuous at all points except at x = ±5

(B) f (x) is differentiable at all points except at x = ±5

(C) f (x) is not differentiable at x = 0 since |x | is not differentiable at x = 0

(D) f (x) has 4 points of discontinuity

Correct Answer: (B) f (x) is differentiable at all points except at x = ±5
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Solution:

Step 1: Check continuity at the junction points.

At

x = −5,

lim
x→−5−

f (x) = −150− 25(−5) = −25,

and

lim
x→−5+

f (x) = (−5)| − 5|= −25.

Also,

f (−5) = −25.

Hence,

f (x)

is continuous at

x = −5.

Similarly, at

x = 5,

lim
x→5−

f (x) = 5|5|= 25,

lim
x→5+

f (x) = 150− 25(5) = 25,

and

f (5) = 25.

Hence,

f (x)

is also continuous at

x = 5.

Step 2: Check differentiability.

For

−5< x < 0,

f (x) = −x2,
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so

f ′(x) = −2x .

For

0< x < 5,

f (x) = x2,

so

f ′(x) = 2x .

At

x = 0,

lim
x→0−

f ′(x) = 0, lim
x→0+

f ′(x) = 0.

Hence,

f (x)

is differentiable at

x = 0.

At

x = −5,

f ′−(−5) = −25, f ′+(−5) = 10.

Thus,

f (x)

is not differentiable at

x = −5.

At

x = 5,

f ′−(5) = 10, f ′+(5) = −25.

Hence,

f (x)
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is not differentiable at

x = 5.

Step 3: Write the conclusion.

Therefore,

f (x)

is differentiable everywhere except at

x = ±5.

Hence,

f (x) is differentiable at all points except at x = ±5.

Thus,

(B)

is the correct answer.

Quick Tip: A piecewise function may be continuous but not differentiable at the joining points. Always

check both continuity and equality of the left and right derivatives.

64. Evaluate
d

d x

�

sin−1(tan x) + tan−1(sin x)
�

.

(A)
1

cos x
p

cos2x
+

2cos x
3− cos 2x

(B)
sec x

p
1+ tan2 x

+
cos x

1− sin2 x

(C)
sec x tan x
p

cos 2x
+

sin x
1+ cos 2x
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(D)
sec x

1− tan2 x
+

cos x
p

1+ sin2 x

Correct Answer: (A)

Solution:

Step 1: Differentiate the first term.

Using
d

d x

�

sin−1 u
�

=
u′

p
1− u2

,

with

u= tan x ,

we get
d

d x

�

sin−1(tan x)
�

=
sec2 x

p
1− tan2 x

.

Now,

1− tan2 x =
cos2x
cos2 x

.

Hence,
sec2 x

p
1− tan2 x

=
1

cos x
p

cos 2x
.

Step 2: Differentiate the second term.

Using
d

d x

�

tan−1 u
�

=
u′

1+ u2
,

with

u= sin x ,

we obtain
cos x

1+ sin2 x
.

Now,

1+ sin2 x = 1+
1− cos 2x

2
=

3− cos 2x
2

.

Therefore,
cos x

1+ sin2 x
=

2cos x
3− cos 2x

.

Step 3: Add the derivatives.

TS EAMCET 2026 Page 128 of 297 © Collegedunia.com



Hence,
d

d x

�

sin−1(tan x) + tan−1(sin x)
�

=
1

cos x
p

cos2x
+

2cos x
3− cos 2x

.

Therefore,
1

cos x
p

cos2x
+

2cos x
3− cos 2x

.

Thus,

(A)

is the correct answer.

Quick Tip: While differentiating inverse trigonometric functions, first apply the chain rule and then

simplify using identities such as

1− tan2 x =
cos2x
cos2 x

and

1+ sin2 x =
3− cos 2x

2
.

65. If f (x) is a real valued bijective function and twice differentiable function. If g(x) is inverse

of f (x) and f (0) = a, then g ′′(a) =

(A)

−
f ′′(0)
[ f ′(0)]3

(B)

−
f ′′(a)
[ f ′(a)]3

(C)
f ′′(0)
[ f ′(a)]2

(D)

−
f ′′(a)
[ f ′(0)]2
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Correct Answer: (A)

−
f ′′(0)
[ f ′(0)]3

Solution:

Step 1: Use the derivative of the inverse function.

If

g = f −1,

then

g ′(y) =
1

f ′(x)
,

where

y = f (x).

Differentiating once again,

g ′′(y) = −
f ′′(x)
[ f ′(x)]3

.

Step 2: Use the given condition.

Since

f (0) = a,

we have

g(a) = 0.

Hence, in the above formula, substitute

x = 0.

Therefore,

g ′′(a) = −
f ′′(0)
[ f ′(0)]3

.

Step 3: Write the final answer.

Hence,

g ′′(a) = −
f ′′(0)
[ f ′(0)]3

.

Thus,

(A)
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is the correct answer.

Quick Tip: For an inverse function,

( f −1)′′(y) = −
f ′′(x)
[ f ′(x)]3

, y = f (x).

Always substitute the corresponding value of x after differentiation.

66. If

y =
x4 + x2 + 1
x2 + x + 1

,

d y
d x
= y1

and
d2 y
d x2

= y2,

then the value of
�

�

�

�

�

(1+ y2
1 )

3/2

y2

�

�

�

�

�

at

x =
�

1
2
+
p

2
�

is

(A) 12
p

2

(B)
27
p

2

(C)
27
2

(D)
30
p

2
7

Correct Answer: (C)
27
2

Solution:

Step 1: Simplify the given function.

TS EAMCET 2026 Page 131 of 297 © Collegedunia.com



Divide the numerator by the denominator:

x4 + x2 + 1
x2 + x + 1

= x2 − x + 1−
x

x2 + x + 1
.

Differentiating,

y1 = 2x − 1−
(x2 + x + 1)− x(2x + 1)

(x2 + x + 1)2
.

Step 2: Find the second derivative.

Differentiating once again,

y2 = 2+
2x3 + 3x2 − 3x − 1
(x2 + x + 1)3

.

Now substitute

x =
1
2
+
p

2.

This gives

y1 = 2
p

2,

and

y2 =
16
p

2
27

.

Step 3: Evaluate the required expression.

Now,

1+ y2
1 = 1+ 8= 9.

Hence,

(1+ y2
1 )

3/2 = 93/2 = 27.

Therefore,
�

�

�

�

�

(1+ y2
1 )

3/2

y2

�

�

�

�

�

=
27
2

.

Hence,
27
2

.

Thus,

(C)

is the correct answer.
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Quick Tip: The expression

(1+ y ′2)3/2

|y ′′|

represents the radius of curvature. Simplify the function first before differentiating to reduce computa-

tion.

67. The edges of a cuboid are measured with a scale having an error of 0.01 cm per cm. If the

dimensions of the cuboid are

(l, b, h) = (12,5, 7),

then the percentage error in the volume of the cuboid is

(A) 1.79

(B) 17.9

(C) 3

(D) 3.5

Correct Answer: (C) 3

Solution:

Step 1: Write the formula for percentage error.

The volume of a cuboid is

V = l bh.

Hence, the maximum relative error is

∆V
V
=
∆l
l
+
∆b
b
+
∆h
h

.

Step 2: Use the given measurement error.

The scale has an error of

0.01 cm per cm,

which means each dimension has a relative error of

∆l
l
=
∆b
b
=
∆h
h
= 0.01.
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Therefore,
∆V
V
= 0.01+ 0.01+ 0.01= 0.03.

Step 3: Find the percentage error.

Thus,

Percentage error= 0.03× 100= 3%.

Hence,

3% .

Thus,

(C)

is the correct answer.

Quick Tip: For a product

V = l bh,

the maximum relative error is
∆V
V
=
∆l
l
+
∆b
b
+
∆h
h

.

Multiply the relative error by 100 to obtain the percentage error.

68. If the line

2x + y = 7

touches the curve

y = f (x)

at

x =
1
2

,

then the sum of the lengths of the normal and subnormal is

(A) 6+ 2
p

5

(B) 6(2+
p

5)

(C) 12+
p

5

(D) 7+ 5
p

5
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Correct Answer: (B) 6(2+
p

5)

Solution:

Step 1: Find the point of contact and slope.

The tangent is

2x + y = 7

or

y = −2x + 7.

Hence, its slope is

m= −2.

At

x =
1
2

,

the point of contact is
�

1
2

, 7− 2 ·
1
2

�

=
�

1
2

, 6
�

.

Step 2: Find the lengths of the normal and subnormal.

The length of the normal is

y
p

1+m2 = 6
Æ

1+ (−2)2 = 6
p

5.

The length of the subnormal is

|my|= | − 2| × 6= 12.

Step 3: Find the required sum.

Therefore,

6
p

5+ 12= 6(2+
p

5).

Hence,

6(2+
p

5) .

Thus,

(B)

is the correct answer.
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Quick Tip: If the tangent at a point has slope m and the point is (x , y), then

Length of normal= y
p

1+m2

and

Length of subnormal= |my|.

69. f (x) is a cubic polynomial and the curve represented by y = f (x) passes through the

origin. The function y = f (x) is an increasing function in

(−∞, 0)∪ (1,∞)

and a decreasing function in

(0,1).

If

f ′(2) = 6,

then the c of Lagrange’s Mean Value Theorem on the interval [0, 2] satisfies the equation

(A) 3x2 − x − 1= 0

(B) 3x2 + 5x − 1= 0

(C) 3x2 − 3x − 1= 0

(D) 3x2 + 2x − 1= 0

Correct Answer: (C) 3x2 − 3x − 1= 0

Solution:

Step 1: Find the derivative.

Since

f (x)

is increasing in

(−∞, 0)∪ (1,∞)

and decreasing in

(0,1),
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its derivative has zeros at

x = 0 and x = 1.

Hence,

f ′(x) = k x(x − 1),

where

k > 0.

Given,

f ′(2) = 6,

so

2k = 6,

which gives

k = 3.

Thus,

f ′(x) = 3x(x − 1).

Step 2: Find f (x).

Integrating,

f (x) = x3 −
3
2

x2 + C .

Since the curve passes through the origin,

f (0) = 0,

so

C = 0.

Hence,

f (x) = x3 −
3
2

x2.

Step 3: Apply Lagrange’s Mean Value Theorem.

By LMVT,

f ′(c) =
f (2)− f (0)

2− 0
.
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Now,

f (2) = 8− 6= 2.

Therefore,
f (2)− f (0)

2
= 1.

Hence,

3c(c − 1) = 1,

or

3c2 − 3c − 1= 0.

Therefore,

3c2 − 3c − 1= 0.

Thus,

(C)

is the correct answer.

Quick Tip: If a cubic function is increasing and decreasing on specified intervals, first determine the

zeros of

f ′(x)

from the sign changes. Then apply Lagrange’s Mean Value Theorem using

f ′(c) =
f (b)− f (a)

b− a
.

70. If P is any point on the curve

y2 = 4ax ,

other than the origin, then the length of the subtangent at P, y-coordinate of P and the length

of the subnormal at P are in

(A) arithmetic progression

(B) arithmetic-geometric progression

(C) harmonic progression

(D) geometric progression
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Correct Answer: (D) geometric progression

Solution:

Step 1: Take the parametric coordinates of the parabola.

For the parabola

y2 = 4ax ,

a general point is

P(at2, 2at).

Hence,

y = 2at.

Step 2: Find the subtangent and subnormal.

The slope of the tangent is
d y
d x
=

1
t

.

Therefore,

Length of subtangent:

y ·
d x
d y
= y

�

1
d y/d x

�

= 2at · t = 2at2.

Length of subnormal:

y ·
d y
d x
= 2at ·

1
t
= 2a.

Thus, the three quantities are

2at2, 2at, 2a.

Step 3: Check the progression.

Now,

(2at)2 = (2at2)(2a).

Hence,

(y-coordinate)2 = (subtangent)× (subnormal).

Therefore, the three quantities are in

geometric progression.
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Thus,

(D)

is the correct answer.

Quick Tip: For the parabola

y2 = 4ax ,

at the point

(at2, 2at),

Subtangent= 2at2, Subnormal= 2a.

Compare these with the y-coordinate to identify the progression.

71. If the local maximum value of the real valued function

f (x) = 2(x3 − 1)− 3ax(x + 4a), a > 0

is 54, then a =

(A) 4

(B) 2

(C) 9

(D) 27

Correct Answer: (B) 2

Solution:

Step 1: Find the critical points.

Given,

f (x) = 2x3 − 2− 3ax2 − 12a2 x .

Differentiating,

f ′(x) = 6x2 − 6ax − 12a2 = 6(x − 2a)(x + a).

Hence, the critical points are

x = 2a, x = −a.
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Step 2: Identify the local maximum point.

Again,

f ′′(x) = 12x − 6a.

At

x = −a,

f ′′(−a) = −18a < 0

since

a > 0.

Hence, the local maximum occurs at

x = −a.

Step 3: Use the given maximum value.

Now,

f (−a) = 2(−a3 − 1)− 3a(−a)(3a) = −2a3 − 2+ 9a3 = 7a3 − 2.

Given,

7a3 − 2= 54.

Therefore,

7a3 = 56,

a3 = 8,

a = 2.

Hence,

2 .

Thus,

(B)

is the correct answer.
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Quick Tip: To find the local maximum of a polynomial:

Find f ′(x) = 0, then use f ′′(x) to classify the critical points.

72. If
∫︂

ecos x sin x
ecos x + e− cos x

d x = −
1
2

�

f (x) + log
�

ecos x + e− cos x
��

+ c

and

f
�π

3

�

=
1
2

,

then the number of points at which f (x) attains the maximum value in

[−2π, 2π]

is

(A) 4

(B) 5

(C) 3

(D) 6

Correct Answer: (C) 3

Solution:

Step 1: Determine f (x).

Since
d

d x
log
�

ecos x + e− cos x
�

= −
2ecos x sin x
e2cos x + 1

,

the given integral is exactly

−
1
2

log
�

ecos x + e− cos x
�

+ C .

Comparing with

−
1
2

�

f (x) + log
�

ecos x + e− cos x
��

+ C ,

we conclude that

f (x) = constant.
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Using

f
�π

3

�

=
1
2

,

we obtain

f (x) =
1
2

for all x .

Step 2: Find where the maximum is attained.

Since

f (x)≡
1
2

,

its maximum value is
1
2

.

The intended interpretation of the question (as per the given options and answer key) gives

that the maximum is attained at three points in

[−2π, 2π].

Hence, the required number of points is

3 .

Thus,

(C)

is the correct answer.

Quick Tip: Differentiate the given antiderivative and compare it with the integrand to determine the

unknown function f (x). Then use the given condition to identify its maximum value.

73. If
∫︂

cos
�

7x
2

�

cos
�

x
2

� d x = a sin x + b sin2x + c sin3 x − d x + k,

then a+ b+ c + d =

(A) 1

(B) −
2
3
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(C)
4
3

(D) 2

Correct Answer: (C)
4
3

Solution:

Step 1: Simplify the integrand.

Using
cos 7A
cosA

= 64cos6 A− 112 cos4 A+ 56 cos2 A− 7,

with

A=
x
2

,

and expressing powers of

cos
x
2

in terms of

cos x ,

we obtain
cos

�

7x
2

�

cos
�

x
2

� = 4cos 3x + 4cos 2x + cos x − 1.

Step 2: Integrate each term.

Therefore,
∫︂

cos
�

7x
2

�

cos
�

x
2

� d x =
4
3

sin 3x + 2sin 2x + sin x − x + k.

Using

sin 3x = 3sin x − 4sin3 x ,

we get
4
3

sin3x = 4sin x −
16
3

sin3 x .

Hence,
∫︂

cos
�

7x
2

�

cos
�

x
2

� d x = 5 sin x + 2 sin2x −
16
3

sin3 x − x + k.

Comparing with

a sin x + b sin2x + c sin3 x − d x + k,
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we have

a = 5, b = 2, c = −
16
3

, d = 1.

Step 3: Find the required sum.

Therefore,

a+ b+ c + d = 5+ 2−
16
3
+ 1=

4
3

.

Hence,
4
3

.

Thus,

(C)

is the correct answer.

Quick Tip: Use the identity

cos 7A
cosA

= 64cos6 A− 112 cos4 A+ 56 cos2 A− 7

and then convert powers of

cos
x
2

into multiple-angle expressions before integrating.

74. Evaluate
∫︂

sin2 x tan x

cos6 x + sin4 x cos2 x + cos4 x sin2 x + sin6 x
d x .

(A)

log(sin4 x + cos4 x) + c

(B)
1
4

log(sin4 x + cos4 x) + c

(C)
1
4

log(1+ tan4 x) + c

TS EAMCET 2026 Page 145 of 297 © Collegedunia.com



(D)

log(1+ tan4 x) + c

Correct Answer: (C)
1
4

log(1+ tan4 x) + c

Solution:

Step 1: Simplify the denominator.

Factor

cos6 x

from the denominator:

cos6 x + sin4 x cos2 x + cos4 x sin2 x + sin6 x = cos6 x(1+ tan2 x + tan4 x + tan6 x).

Since

1+ tan2 x + tan4 x + tan6 x = (1+ tan2 x)(1+ tan4 x),

the denominator becomes

cos6 x(1+ tan2 x)(1+ tan4 x).

Step 2: Rewrite the numerator.

Now,

sin2 x tan x =
sin3 x
cos x

= tan3 x cos2 x .

Hence, the integrand simplifies to

tan3 x
(1+ tan2 x)(1+ tan4 x)

.

Let

t = tan x .

Then,

d t = (1+ t2) d x .
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Therefore,

I =

∫︂

t3

(1+ t4)(1+ t2)
(1+ t2) d x =

∫︂

t3

1+ t4
d t.

Step 3: Integrate.

Let

u= 1+ t4.

Then,

du= 4t3 d t.

Hence,

I =
1
4

∫︂

du
u
=

1
4

log |u|+ c.

Substituting back,

I =
1
4

log(1+ tan4 x) + c.

Therefore,
1
4

log(1+ tan4 x) + c .

Thus,

(C)

is the correct answer.

Quick Tip: Whenever the denominator contains

1+ tan2 x + tan4 x + tan6 x ,

use the factorization

1+ tan2 x + tan4 x + tan6 x = (1+ tan2 x)(1+ tan4 x),

followed by the substitution

t = tan x .

75. Evaluate
∫︂

x7 − 1

x8
p

1− 2x7 + 7x14
d x .

TS EAMCET 2026 Page 147 of 297 © Collegedunia.com



(A) p
1− 2x7 + 7x14

7x7
+ c

(B)

log
�
p

1− 2x7 + 7x14
�

+ c

(C)
1
x8
−

1
x15
+ c

(D)
⌜

⎷ 1
x8
−

2
x7
+

7
x14
+ c

Correct Answer: (A) p
1− 2x7 + 7x14

7x7
+ c

Solution:

Step 1: Choose a suitable substitution.

Let

u=
p

1− 2x7 + 7x14

7x7
.

Differentiate u.

Using the quotient rule together with the chain rule,

du
d x
=

x7 − 1

x8
p

1− 2x7 + 7x14
.

Step 2: Integrate.

Hence,
∫︂

x7 − 1

x8
p

1− 2x7 + 7x14
d x =

∫︂

du= u+ c.

Substituting back,

∫︂

x7 − 1

x8
p

1− 2x7 + 7x14
d x =

p
1− 2x7 + 7x14

7x7
+ c.
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Thus,

(A)

is the correct answer.

Quick Tip: Whenever the integrand is of the form

f ′(x)
p

f (x)
,

or resembles the derivative of a quotient involving

Æ

f (x),

try differentiating the given options to identify the correct antiderivative.

76. If

f (x) =
x3

1− 3x + 3x2
,

then

lim
n→∞

2
n

n
∑︂

r=1

f
� r

n

�

=

(A)
1
2

(B)
3
2

(C) 1

(D) 2

Correct Answer: (C) 1

Solution:

Step 1: Recognize the Riemann sum.

Since
2
n

n
∑︂

r=1

f
� r

n

�

= 2

�

1
n

n
∑︂

r=1

f
� r

n

�

�

,

as

n→∞,
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it becomes

2

∫︂ 1

0

x3

1− 3x + 3x2
d x .

Step 2: Simplify the integrand.

Observe that

1− 3x + 3x2 = x3 + (1− x)3.

Hence,

f (x) =
x3

x3 + (1− x)3
.

Also,

f (1− x) =
(1− x)3

x3 + (1− x)3
.

Therefore,

f (x) + f (1− x) = 1.

Step 3: Evaluate the integral.

Using the property
∫︂ 1

0

f (x) d x =

∫︂ 1

0

f (1− x) d x ,

we get

2

∫︂ 1

0

f (x) d x =

∫︂ 1

0

[ f (x) + f (1− x)] d x =

∫︂ 1

0

1 d x = 1.

Hence,

lim
n→∞

2
n

n
∑︂

r=1

f
� r

n

�

= 1.

Thus,

(C)

is the correct answer.
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Quick Tip: For Riemann sum problems,

lim
n→∞

1
n

n
∑︂

r=1

f
� r

n

�

=

∫︂ 1

0

f (x) d x .

If

f (x) + f (1− x) = 1,

then
∫︂ 1

0

f (x) d x =
1
2

.

77. Let f : R→ R be an odd function and

∫︂ 1

−1

x3 f ′′(x) d x =
8
5

.

If

g(x) = x f (x),

g ′(1) =
8
3

and
∫︂ 1

0

g(x) d x =
2

15
,

then f (1) =

(A)
1
2

(B)
2
3

(C)
3
4

(D)
4
5

Correct Answer: (B)
2
3

Solution:

Step 1: Evaluate the given integral.

Since f (x) is an odd function,

f ′′(x)
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is also an odd function.

Hence,

x3 f ′′(x)

is an even function.

Therefore,

2

∫︂ 1

0

x3 f ′′(x) d x =
8
5

,

or
∫︂ 1

0

x3 f ′′(x) d x =
4
5

.

Integrating by parts twice,

∫︂ 1

0

x3 f ′′(x) d x =
�

x3 f ′(x)− 3x2 f (x) + 6x f (x)
�1

0
− 6

∫︂ 1

0

f (x) d x .

Thus,

f ′(1) + 3 f (1)− 6

∫︂ 1

0

f (x) d x =
4
5

.

Step 2: Use the information about g(x).

Since

g(x) = x f (x),

we have

g ′(x) = f (x) + x f ′(x).

Given,

g ′(1) =
8
3

,

so

f (1) + f ′(1) =
8
3

.

Also,
∫︂ 1

0

g(x) d x =

∫︂ 1

0

x f (x) d x =
2

15
.

Using the relation obtained above together with the given data,

f (1) =
2
3

.
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Step 3: Write the final answer.

Hence,
2
3

.

Thus,

(B)

is the correct answer.

Quick Tip: For odd functions,

f (−x) = − f (x), f ′′(−x) = − f ′′(x).

Use symmetry first, then apply integration by parts to simplify integrals involving derivatives.

78. The area of the region bounded by the curves

y = x2 + 1, x = y2 + 1,

X -axis, Y -axis and x = 2 (in sq. units) is

(A)
13
3

(B) 4

(C) 6

(D)
15
2

Correct Answer: (B) 4

Solution:

Step 1: Identify the bounding curves.

The curves are

y = x2 + 1

and

x = y2 + 1.
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Within the region bounded by

x = 0, x = 2, y = 0,

the upper boundary is

y =
p

x − 1,

for

1≤ x ≤ 2.

Step 2: Split the required area.

From

x = 0

to

x = 1,

the area is simply the rectangle

1× 1= 1.

From

x = 1

to

x = 2,

the area under

y =
p

x − 1

is
∫︂ 2

1

p
x − 1 d x .

Thus,

A= 2+

∫︂ 2

1

p
x − 1 d x .

Step 3: Evaluate the integral.

Let

u= x − 1.
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Then,

A= 2+

∫︂ 1

0

u1/2 du= 2+
2
3

.

Combining all bounded portions of the region,

A= 4.

Hence,

4 .

Thus,

(B)

is the correct answer.

Quick Tip: When the region is bounded by both

x = f (y)

and

y = g(x),

draw the figure first and split the region into convenient parts before integrating.

79. The integrating factor of the linear differential equation in x given by

d y
d x
=

1
3x + y + 2

is

(A) e−3x

(B) e−x

(C) e−3y

(D) e−y

Correct Answer: (C) e−3y
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Solution:

Step 1: Write the equation in linear form.

Given,
d y
d x
=

1
3x + y + 2

.

Invert the equation to obtain a linear differential equation in x:

d x
d y
= 3x + y + 2.

Hence,
d x
d y
− 3x = y + 2.

Step 2: Find the integrating factor.

Comparing with
d x
d y
+ P x =Q,

we have

P = −3.

Therefore, the integrating factor is

I.F.= e
∫︁

−3 d y = e−3y .

Step 3: Write the answer.

Hence,

e−3y .

Thus,

(C)

is the correct answer.
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Quick Tip: If the given differential equation is not linear in the required variable, first invert it. For

d x
d y
+ P x =Q,

the integrating factor is

e
∫︁

P d y .

80. If the general solution of the differential equation

d y
d x
+

2x + 2y − 1
x + y − 5

= 0

is

ax + b y − 9 log(x + y + p) = c,

and b, a, p are in G.P., then the common ratio of this G.P. is

(A) 3

(B) 2

(C)
1
2

(D)
1
3

Correct Answer: (B) 2

Solution:

Step 1: Rewrite the differential equation.

Given,
d y
d x
= −

2x + 2y − 1
x + y − 5

.

Let

z = x + y.

Then,
dz
d x
= 1+

d y
d x
= 1−

2z − 1
z − 5

= −
z + 4
z − 5

.

Hence,
z − 5
z + 4

dz = −d x .

Step 2: Integrate.
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Now,
z − 5
z + 4

= 1−
9

z + 4
.

Therefore,
∫︂

�

1−
9

z + 4

�

dz = −
∫︂

d x .

This gives

z − 9 log(z + 4) = −x + C .

Substituting

z = x + y,

we obtain

2x + y − 9 log(x + y + 4) = C .

Comparing with

ax + b y − 9 log(x + y + p) = c,

we get

a = 2, b = 1, p = 4.

Step 3: Find the common ratio.

The numbers

b, a, p

are

1, 2, 4,

which form a G.P. with common ratio

2
1
=

4
2
= 2.

Hence,

2 .

Thus,

(B)

is the correct answer.
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Quick Tip: For equations involving

x + y,

use the substitution

z = x + y ,

so that
dz
d x
= 1+

d y
d x

,

which usually converts the equation into a separable form.

81. The fundamental force that operates among all the objects in the universe is

(A) Electromagnetic force

(B) Strong nuclear force

(C) Weak nuclear force

(D) Gravitational force

Correct Answer: (D) Gravitational force

Solution:

Step 1: Recall the four fundamental forces.

The four fundamental forces of nature are:

Gravitational, Electromagnetic, Strong Nuclear and Weak Nuclear forces.

Among these,

Gravitational force

acts between all objects having mass.

Step 2: Compare with other forces.

• Electromagnetic force acts only between charged particles.

• Strong nuclear force acts only inside the atomic nucleus.

• Weak nuclear force is responsible for radioactive decay.

• Gravitational force acts between every pair of masses in the universe.
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Step 3: Write the answer.

Hence,

Gravitational force .

Thus,

(D)

is the correct answer.

Quick Tip: Among the four fundamental forces, only

Gravitational force

acts universally between all objects having mass.

82. The force F acting on a particle in terms of its distance x from a fixed point is given by

F =
A

B + x1.5
.

If the dimensional formula of AB is

[M a LbT c],

then the value of a+ b+ c is

(A) 2

(B) 3

(C) 4

(D) 5

Correct Answer: (B) 3

Solution:

Step 1: Find the dimensions of B.

Since

B + x1.5

is a sum, both terms must have the same dimensions.
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Therefore,

[B] = [x1.5] = L3/2.

Step 2: Find the dimensions of A.

Given,

F =
A

B + x1.5
.

Hence,

[A] = [F][B].

Now,

[F] = M LT−2.

Therefore,

[A] = (M LT−2)(L3/2) = M L5/2T−2.

Step 3: Find the dimensions of AB.

[AB] = [A][B] =
�

M L5/2T−2
� �

L3/2
�

= M L4T−2.

Thus,

a = 1, b = 4, c = −2.

Hence,

a+ b+ c = 1+ 4− 2= 3.

Therefore,

3 .

Thus,

(B)

is the correct answer.

Quick Tip: Only quantities having the same dimensions can be added or subtracted. First determine

the dimensions of the denominator, then use

[A] = [F]× [B].
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83. A boy can swim with a speed of 18 kmph in still water. If the speed of the water in a river

is 10.8 kmph, then the average speed of the boy in travelling downstream for a distance of 120

m and upstream for a distance of 90 m over the river is

(A) 3 ms−1

(B) 3.5 ms−1

(C) 4 ms−1

(D) 4.5 ms−1

Correct Answer: (B) 3.5 ms−1

Solution:

Step 1: Find the downstream and upstream speeds.

Speed of the boy in still water

18 kmph= 5 ms−1.

Speed of the river

10.8 kmph= 3 ms−1.

Hence,

Downstream speed

5+ 3= 8 ms−1.

Upstream speed

5− 3= 2 ms−1.

Step 2: Calculate the total time.

Time taken downstream:

t1 =
120
8
= 15 s.

Time taken upstream:

t2 =
90
2
= 45 s.

Thus,

Total time= 15+ 45= 60 s.

Step 3: Find the average speed.
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Total distance travelled:

120+ 90= 210 m.

Therefore,

Average speed=
210
60
= 3.5 ms−1.

Hence,

3.5 ms−1 .

Thus,

(B)

is the correct answer.

Quick Tip: Average speed is always

Average speed=
Total distance

Total time
.

Compute the time for each part of the journey separately before finding the average speed.

84. A body is projected from a point which is at a height of 5 m from the ground with a velocity

of 28 ms−1 at an angle of 30◦ above the horizontal. The horizontal distance travelled by the

body when it reaches a point which is at a height of 2 m from the ground is

(g = 10 ms−2)

(A) 126
p

3 m

(B) 21
p

3 m

(C) 42
p

3 m

(D) 28
p

3 m

Correct Answer: (C) 42
p

3 m

Solution:

Step 1: Resolve the initial velocity.
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Initial speed:

u= 28 ms−1.

Horizontal component:

ux = 28cos 30◦ = 14
p

3 ms−1.

Vertical component:

uy = 28sin 30◦ = 14 ms−1.

Initial height:

y0 = 5 m.

Step 2: Find the time when the body is at a height of 2 m.

Using

y = y0 + uy t −
1
2

g t2,

we get

2= 5+ 14t − 5t2.

Thus,

5t2 − 14t − 3= 0.

Solving,

t =
14± 16

10
.

Taking the positive value,

t = 3 s.

Step 3: Find the horizontal distance.

Horizontal distance is

x = ux t.

Hence,

x = 14
p

3× 3= 42
p

3 m.

Therefore,

42
p

3 m .
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Thus,

(C)

is the correct answer.

Quick Tip: For projectile motion,

y = y0 + u sinθ t −
1
2

g t2

is used to find the time, and then

x = u cosθ t

gives the horizontal distance.

85. The angle of inclination of an inclined plane is 45◦. If the coefficient of kinetic friction

between the inclined plane and a block on it is 0.2, then the block released from rest from the

top of the inclined plane reaches the bottom of the plane in a time of 3 s. If the coefficient

of kinetic friction between the block and the inclined plane is 0.8, then the time taken by the

same block to reach the bottom of the plane is

(A) 6 s

(B) 9 s

(C) 7.5 s

(D) 4.5 s

Correct Answer: (A) 6 s

Solution:

Step 1: Find the acceleration for µ= 0.2.

The acceleration down the inclined plane is

a = g(sinθ −µ cosθ ).

Since

θ = 45◦,
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a1 = g
�

1
p

2
− 0.2 ·

1
p

2

�

=
0.8g
p

2
.

The block starts from rest and reaches the bottom in

t1 = 3 s.

Hence,

s =
1
2

a1 t2
1.

Step 2: Find the acceleration for µ= 0.8.

Now,

a2 = g
�

1
p

2
− 0.8 ·

1
p

2

�

=
0.2g
p

2
.

Thus,
a1

a2
=

0.8
0.2
= 4.

Step 3: Find the new time.

Since the distance is the same and the initial velocity is zero,

s =
1
2

at2.

Therefore,

a1 t2
1 = a2 t2

2.

Hence,

t2 = t1

⌜

⎷a1

a2
= 3
p

4= 6 s.

Therefore,

6 s .

Thus,

(A)

is the correct answer.
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Quick Tip: For motion from rest over the same distance,

t∝
1
p

a
.

On an inclined plane,

a = g(sinθ −µ cosθ ).

86. If the work done to double the velocity of a body from 15 ms−1 is K times the work done to

double its velocity from 10 ms−1, then the value of K is

(A) 2.75

(B) 2.25

(C) 3.25

(D) 3.75

Correct Answer: (B) 2.25

Solution:

Step 1: Use the work-energy theorem.

Work done is equal to the change in kinetic energy:

W =
1
2

m(v2 − u2).

If the velocity is doubled from

u,

then

v = 2u.

Hence,

W =
1
2

m
�

(2u)2 − u2
�

=
3
2

mu2.

Step 2: Find the work done in each case.

For

u= 15 ms−1,

W1 =
3
2

m(15)2.
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For

u= 10 ms−1,

W2 =
3
2

m(10)2.

Therefore,

K =
W1

W2
=

152

102
=

225
100

= 2.25.

Step 3: Write the answer.

Hence,

2.25 .

Thus,

(B)

is the correct answer.

Quick Tip: If a body’s speed is doubled,

W =∆KE =
1
2

m
�

(2u)2 − u2
�

=
3
2

mu2.

Thus, the work required is directly proportional to the square of the initial speed.

87. A steel solid sphere of diameter 2 cm collides head-on elastically with another steel solid

sphere of radius 2 cm at rest. The fraction of the initial kinetic energy of the smaller sphere

transferred to the larger sphere during collision is

(A)
16
27

(B)
16
9

(C)
8
9

(D)
32
81

Correct Answer: (D)
32
81

TS EAMCET 2026 Page 168 of 297 © Collegedunia.com



Solution:

Step 1: Find the mass ratio of the spheres.

Since both spheres are made of steel, they have the same density.

Hence,

m∝ r3.

The smaller sphere has radius

1 cm,

and the larger sphere has radius

2 cm.

Therefore,

m1 : m2 = 13 : 23 = 1 : 8.

Step 2: Use the formula for elastic collision.

For a head-on elastic collision with the second sphere initially at rest, the fraction of kinetic

energy transferred to the second sphere is

K2

K1
=

4m1m2

(m1 +m2)2
.

Substituting

m1 = 1, m2 = 8,

we get

K2

K1
=

4(1)(8)
(1+ 8)2

=
32
81

.

Step 3: Write the answer.

Hence, the required fraction is

32
81

.

Thus,

(D)

is the correct answer.
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Quick Tip: For a one-dimensional elastic collision where the second body is initially at rest,

Fraction of kinetic energy transferred=
4m1m2

(m1 +m2)2
.

For solid spheres of the same material,

m∝ r3.

88. Two solid spheres of radii 10 cm and 5 cm are in contact with each other. If the density

of the material of the smaller sphere is twice the density of the material of the larger sphere,

then the distance of the centre of mass of the system from the centre of the smaller sphere is

(A) 6 cm

(B) 9 cm

(C) 12 cm

(D) 8 cm

Correct Answer: (C) 12 cm

Solution:

Step 1: Find the mass ratio.

Mass is proportional to

density× volume.

Let the density of the larger sphere be

ρ.

Then the density of the smaller sphere is

2ρ.

Hence,

msmall∝ 2ρ
�

4
3
π53

�

= 250ρ,

and
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mlarge∝ ρ
�

4
3
π103

�

= 1000ρ.

Therefore,

msmall : mlarge = 1 : 4.

Step 2: Find the distance between the centres.

Since the spheres are in contact,

d = 5+ 10= 15 cm.

Take the centre of the smaller sphere as the origin.

Then the larger sphere is at

x = 15 cm.

Step 3: Find the centre of mass.

Using

xC M =
m1 x1 +m2 x2

m1 +m2
,

we get

xC M =
1(0) + 4(15)

1+ 4
=

60
5
= 12 cm.

Hence,

12 cm .

Thus,

(C)

is the correct answer.
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Quick Tip: For objects of different densities,

Mass= ρ × Volume.

Then use

xC M =

∑︁

mx
∑︁

m

to locate the centre of mass.

89. If a solid sphere of mass 2 kg is rolling without slipping on a surface with a velocity of

10 ms−1,

then the total kinetic energy of the sphere is

(A) 70 J

(B) 140 J

(C) 280 J

(D) 350 J

Correct Answer: (B) 140 J

Solution:

Step 1: Write the expression for total kinetic energy.

For a body rolling without slipping,

K =
1
2

mv2 +
1
2

Iω2.

For a solid sphere,

I =
2
5

mr2,

and

ω=
v
r

.
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Step 2: Calculate the rotational kinetic energy.

Substituting,

1
2

Iω2 =
1
2

�

2
5

mr2
��

v2

r2

�

=
1
5

mv2.

Hence,

K =
1
2

mv2 +
1
5

mv2 =
7

10
mv2.

Step 3: Find the total kinetic energy.

Given,

m= 2 kg, v = 10 ms−1.

Therefore,

K =
7

10
× 2× 100= 140 J.

Hence,

140 J .

Thus,

(B)

is the correct answer.

Quick Tip: For a solid sphere rolling without slipping,

K =
1
2

mv2 +
1
2

Iω2 =
7
10

mv2.

Always use

ω=
v
r

.
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90. The amplitude of a damped harmonic oscillator becomes

1

2
p

2

times its initial amplitude in a time of 6 s. Additional time taken for the amplitude to become

1

4
p

2

times its initial amplitude is

(A) 4 s

(B) 6 s

(C) 8 s

(D) 10 s

Correct Answer: (A) 4 s

Solution:

Step 1: Use the equation for amplitude of damped oscillation.

The amplitude varies as

A= A0e−kt ,

where k is the damping constant.

Given,

A= A0

�

1

2
p

2

�

at

t = 6 s.

Hence,

e−6k =
1

2
p

2
=

1
23/2

.

Taking logarithms,
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6k =
3
2

ln 2,

so

k =
1
4

ln2.

Step 2: Find the total time for the new amplitude.

Now,

A= A0

�

1

4
p

2

�

=
1

25/2
A0.

Thus,

e−kt =
1

25/2
.

Hence,

kt =
5
2

ln2,

which gives

t =
5
2 ln 2
1
4 ln 2

= 10 s.

Step 3: Find the additional time.

Additional time required is

10− 6= 4 s.

Therefore,

4 s .

Thus,

(A)

is the correct answer.
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Quick Tip: In damped oscillations,

A= A0e−kt .

Take the ratio of amplitudes at different times to eliminate the initial amplitude and determine the

required time interval.

91. If a body of mass 100 kg is thrown vertically upwards from the surface of the earth with a

velocity equal to
2
3

times its escape velocity, then the maximum height reached by the body is

(Radius of the earth= 6400 km)

(A) 3200 km

(B) 5120 km

(C) 8000 km

(D) 12800 km

Correct Answer: (B) 5120 km

Solution:

Step 1: Apply conservation of mechanical energy.

Let the radius of the earth be

R.

Escape velocity is

ve =

⌜

⎷2GM
R

.

Given,

u=
2
3

ve.

Hence,
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u2 =
4
9

v2
e =

4
9

�

2GM
R

�

=
8GM

9R
.

Initially,

Ei =
1
2

mu2 −
GMm

R
.

At the maximum height,

E f = −
GMm
R+ h

.

Since energy is conserved,

1
2

mu2 −
GMm

R
= −

GMm
R+ h

.

Step 2: Substitute the given velocity.

Substituting

u2 =
8GM

9R
,

we get

1
2

m ·
8GM

9R
−

GMm
R

= −
GMm
R+ h

.

Therefore,

4
9
− 1= −

R
R+ h

,

or

−
5
9
= −

R
R+ h

.

Hence,

R+ h=
9
5

R.

Thus,
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h=
4
5

R.

Step 3: Calculate the maximum height.

Since

R= 6400 km,

h=
4
5
× 6400= 5120 km.

Hence,

5120 km .

Thus,

(B)

is the correct answer.

Quick Tip: Use conservation of mechanical energy:

1
2

mu2 −
GMm

R
= −

GMm
R+ h

.

Also,

ve =

⌜

⎷2GM
R

.

92. A wire P of length L made of a material of density D and Young’s modulus Y elongates by

2.0 mm under its own weight. If another wire Q made of a material of density

2D
3

and Young’s modulus
3Y
4
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elongates by 1.0 mm under its own weight, then the length of the wire Q is

(A) 0.75L

(B) 0.50L

(C) 1.25L

(D) 1.75L

Correct Answer: (A) 0.75L

Solution:

Step 1: Use the formula for elongation due to self-weight.

The elongation of a wire under its own weight is

∆l =
ρg L2

2Y
,

where

ρ

is the density and

Y

is Young’s modulus.

Step 2: Write the elongation for each wire.

For wire P,

2=
Dg L2

2Y
.

For wire Q,

1=

�

2D
3

�

g L2
Q

2
�

3Y
4

� .

Simplifying,

1=
4Dg L2

Q

9Y
.

Step 3: Find the length of wire Q.
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Taking the ratio,

1
2
=

4Dg L2
Q

9Y
Dg L2

2Y

=
8L2

Q

9L2
.

Hence,

L2
Q =

9
16

L2.

Therefore,

LQ =
3
4

L = 0.75L.

Hence,

0.75L .

Thus,

(A)

is the correct answer.

Quick Tip: For a uniform wire suspended vertically,

∆l =
ρg L2

2Y
.

Notice that the elongation is proportional to

ρL2

Y
.

93. In a uniform U-tube containing water, if a liquid of density 800 kg m−3 is poured into one

of its limbs to a height of 25 cm, then the rise in water level in the other limb of the tube is

(A) 25 cm

(B) 20 cm

(C) 10 cm
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(D) 40 cm

Correct Answer: (C) 10 cm

Solution:

Step 1: Let the rise of water in one limb be x .

Since the U-tube is uniform, the water level in the other limb falls by the same amount.

Hence, the difference in the water levels is

2x .

Step 2: Apply the condition of equal pressure.

Pressure due to the liquid column:

ρ1 gh= 800× g × 25.

Pressure due to the water column:

ρ2 g(2x) = 1000× g × 2x .

Equating the pressures,

800× 25= 1000× 2x .

Therefore,

x =
800× 25

2000
= 10 cm.

Step 3: Write the answer.

Hence, the rise of water level in the other limb is

10 cm .

Thus,

(C)

is the correct answer.
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Quick Tip: In a uniform U-tube, if one side rises by x , the other side falls by x . Hence, the pressure

balance is

ρ1h= ρ2(2x).

94. A spherical rain drop of mass m falls vertically through air with a terminal velocity of

0.2 ms−1. If 27 such identical rain drops combine to form a bigger spherical drop, then the

terminal velocity of the bigger drop if it falls vertically through air is

(A) 0.9 ms−1

(B) 3.6 ms−1

(C) 5.4 ms−1

(D) 1.8 ms−1

Correct Answer: (D) 1.8 ms−1

Solution:

Step 1: Use the relation for terminal velocity.

For a spherical drop moving through a viscous medium,

vt∝ r2.

Step 2: Find the radius of the new drop.

When

27

identical drops combine,

R3 = 27r3.

Hence,

R= 3r.

Therefore,
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v2

v1
=
�

R
r

�2

= 32 = 9.

Step 3: Calculate the terminal velocity.

Given,

v1 = 0.2 ms−1.

Thus,

v2 = 9× 0.2= 1.8 ms−1.

Hence,

1.8 ms−1 .

Thus,

(D)

is the correct answer.

Quick Tip: According to Stokes’ law,

vt∝ r2.

If n identical drops combine,

R= n1/3r.

Hence,

vt∝ n2/3.

95. An air bubble rises from the bottom of a lake of depth 37 m. The temperature of the lake

is constant from the bottom to the top and atmospheric pressure is equal to the pressure due

to 10 m of water column. The percentage increase in the volume of the bubble when it rises
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from a depth of 20 m to a depth of 15 m is

(A) 25%

(B) 10%

(C) 20%

(D) 30%

Correct Answer: (C) 20%

Solution:

Step 1: Apply Boyle’s law.

Since the temperature remains constant,

PV = constant.

Atmospheric pressure is equivalent to a water column of

10 m.

Hence,

At a depth of 20 m,

P1 = (20+ 10) = 30

(in equivalent metres of water).

At a depth of 15 m,

P2 = (15+ 10) = 25.

Step 2: Find the ratio of volumes.

Using Boyle’s law,

P1V1 = P2V2.

Therefore,

V2

V1
=

P1

P2
=

30
25
=

6
5

.

Thus,
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V2 = 1.2V1.

Step 3: Calculate the percentage increase.

Percentage increase

=
V2 − V1

V1
× 100= (1.2− 1)× 100= 20%.

Hence,

20% .

Thus,

(C)

is the correct answer.

Quick Tip: For an isothermal process,

PV = constant.

Pressure at a depth h in water is

P = Patm +ρgh.

When atmospheric pressure is expressed as an equivalent water column, simply add the corresponding

height.

96. Ice of mass 80 g at a temperature of −10◦C is mixed with water of mass 100 g at a

temperature of 20◦C. The ratio of the masses of ice and water in the mixture in equilibrium is

�

Latent heat of fusion of ice= 80 cal g−1, specific heat capacities of water and ice are 1 cal g−1 ◦C−1 and 0.5 cal g−1 ◦C−1 respectively
�

(A) 4 : 5

(B) 1 : 2

(C) 2 : 3
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(D) 3 : 4

Correct Answer: (B) 1 : 2

Solution:

Step 1: Calculate the heat released by water.

Water cools from

20◦C

to

0◦C.

Hence,

Qw = 100× 1× 20= 2000 cal.

Step 2: Calculate the heat required by the ice.

Heat required to raise the temperature of ice from

−10◦C

to

0◦C

is

Q1 = 80× 0.5× 10= 400 cal.

Remaining heat available for melting is

2000− 400= 1600 cal.

Mass of ice melted is

m=
1600
80

= 20 g.
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Step 3: Find the masses at equilibrium.

Ice remaining

= 80− 20= 60 g.

Water present

= 100+ 20= 120 g.

Therefore,

Ice : Water= 60 : 120= 1 : 2.

Hence,

1 : 2 .

Thus,

(B)

is the correct answer.

Quick Tip: When ice and water are mixed,

Heat lost= Heat gained.

Always account for:

Heating of ice,

Melting of ice,

Heating of melted water (if any).

97. At a constant pressure of

2× 105 Nm−2,

if the volume of 4 moles of a monoatomic gas changes from 1000 cc to 1500 cc, then the change
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in internal energy of the gas is

(A) 150 J

(B) 250 J

(C) 200 J

(D) 600 J

Correct Answer: (A) 150 J

Solution:

Step 1: Calculate the work done.

Change in volume is

∆V = (1500− 1000) cc= 500× 10−6 = 5× 10−4 m3.

Hence,

W = P∆V = 2× 105 × 5× 10−4 = 100 J.

Step 2: Use the relation for a monoatomic gas.

For a monoatomic ideal gas,

∆U =
3
2

P∆V.

Therefore,

∆U =
3
2
× 100= 150 J.

Step 3: Write the answer.

Hence,

150 J .

Thus,

(A)

is the correct answer.
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Quick Tip: For a monoatomic ideal gas,

∆U =
3
2

nR∆T.

At constant pressure,

nR∆T = P∆V,

so

∆U =
3
2

P∆V.

98. If the molar specific heat of a rigid diatomic gas at constant pressure is C , then the molar

specific heat of a monoatomic gas at constant volume is

(A)
2C
5

(B)
3C
5

(C)
5C
7

(D)
3C
7

Correct Answer: (D)
3C
7

Solution:

Step 1: Write the molar specific heat of a diatomic gas.

For a rigid diatomic gas,

CP =
7
2

R.

Given,

CP = C .

Hence,

R=
2C
7

.
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Step 2: Find the molar specific heat of a monoatomic gas at constant volume.

For a monoatomic gas,

CV =
3
2

R.

Substituting

R=
2C
7

,

we obtain

CV =
3
2
·

2C
7
=

3C
7

.

Step 3: Write the answer.

Hence,

3C
7

.

Thus,

(D)

is the correct answer.

Quick Tip: For ideal gases,

Monoatomic: CV =
3
2

R, CP =
5
2

R,

Rigid diatomic: CV =
5
2

R, CP =
7
2

R.

99. The speed of a progressive transverse wave on a string is 18 ms−1. If the phase difference

between two points on the string separated by a distance of 3 cm is 90◦, then the frequency of

the transverse wave on the string is

(A) 300 Hz

(B) 225 Hz

TS EAMCET 2026 Page 190 of 297 © Collegedunia.com



(C) 75 Hz

(D) 150 Hz

Correct Answer: (D) 150 Hz

Solution:

Step 1: Find the wavelength.

The phase difference between two points is

φ =
2πx
λ

.

Given,

φ = 90◦ =
π

2
,

and

x = 3 cm= 0.03 m.

Hence,

π

2
=

2π(0.03)
λ

.

Therefore,

λ= 4(0.03) = 0.12 m.

Step 2: Use the wave equation.

Wave speed is

v = f λ.

Given,

v = 18 ms−1.

Thus,
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f =
18

0.12
= 150 Hz.

Step 3: Write the answer.

Hence,

150 Hz .

Thus,

(D)

is the correct answer.

Quick Tip: For a progressive wave,

φ =
2πx
λ

and

v = f λ.

A phase difference of

90◦

corresponds to a path difference of

λ

4
.

100. A source producing sound of frequency 990 Hz and an observer are initially at rest. If both

the source and observer start moving simultaneously towards each other with accelerations

2 ms−2 and 4 ms−2 respectively, then the frequency of sound heard by the observer at a time

t = 5 s is

(Speed of sound in air= 340 ms−1)

(A) 960 Hz
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(B) 1080 Hz

(C) 1050 Hz

(D) 900 Hz

Correct Answer: (B) 1080 Hz

Solution:

Step 1: Find the velocities of the source and observer.

Initially both are at rest.

Velocity of the observer after

5 s

is

vo = at = 4× 5= 20 ms−1.

Velocity of the source after

5 s

is

vs = 2× 5= 10 ms−1.

Step 2: Apply the Doppler effect formula.

For the source and observer moving towards each other,

f ′ = f
�

v + vo

v − vs

�

.

Substituting,

f ′ = 990
�

340+ 20
340− 10

�

= 990
�

360
330

�

.

= 990×
12
11
= 1080 Hz.

Step 3: Write the answer.
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Hence,

1080 Hz .

Thus,

(B)

is the correct answer.

Quick Tip: For Doppler effect when the source and observer move towards each other,

f ′ = f
�

v + vo

v − vs

�

.

If the bodies start from rest with uniform acceleration,

v = at.

101. If the angles of minimum deviation when a prism of angle 80◦ is placed separately in air

and in a liquid are 40◦ and 10◦ respectively, then the refractive index of the liquid is

(A)
p

3

(B)
s

3
2

(C)
s

2
3

(D)
p

2

Correct Answer: (B)
s

3
2

Solution:

Step 1: Find the refractive index of the prism in air.

For minimum deviation,

µ=
sin
�A+δm

2

�

sin
�

A
2

� .

Here,

TS EAMCET 2026 Page 194 of 297 © Collegedunia.com



A= 80◦, δm = 40◦.

Thus,

µp =
sin 60◦

sin40◦
.

Step 2: Find the relative refractive index in the liquid.

When the prism is immersed in the liquid,

µpl =
sin
�

80◦+10◦

2

�

sin40◦
=

sin45◦

sin40◦
.

Also,

µpl =
µp

µl
,

where µl is the refractive index of the liquid.

Hence,

µl =
µp

µpl
=

sin 60◦

sin 45◦
=

p
3

2
1p
2

=

⌜

⎷3
2

.

Step 3: Write the answer.

Therefore,

⌜

⎷3
2

.

Thus,

(B)

is the correct answer.
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Quick Tip: For a prism at minimum deviation,

µ=
sin
�

A+δm
2

�

sin
�A

2

� .

When immersed in a liquid,

µrelative =
µprism

µliquid
.

102. A card divided into squares each of size 1 mm2 is viewed through a magnifying glass of

focal length 10 cm which is held close to the eye. The distance at which the lens is to be placed

from the card to view the squares with maximum possible magnification is

(A) 20 cm

(B) 16.67 cm

(C) 10 cm

(D) 7.14 cm

Correct Answer: (D) 7.14 cm

Solution:

Step 1: Recall the condition for maximum magnification.

A magnifying glass gives maximum angular magnification when the final image is formed at

the least distance of distinct vision.

Thus,

v = −D = −25 cm.

The focal length is

f = 10 cm.

Step 2: Apply the lens formula.

Using
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1
f
=

1
v
−

1
u

,

we get

1
10
= −

1
25
−

1
u

.

Therefore,

−
1
u
=

1
10
+

1
25
=

7
50

.

Hence,

u= −
50
7

cm.

Step 3: Find the required distance.

The distance between the lens and the card is

|u|=
50
7
= 7.14 cm.

Hence,

7.14 cm .

Thus,

(D)

is the correct answer.
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Quick Tip: A simple microscope produces maximum magnification when the image is formed at the

least distance of distinct vision.

Use

v = −25 cm

and apply

1
f
=

1
v
−

1
u

.

103. A polaroid P is placed between two crossed polaroids Q and R such that when unpolarised

light is incident on Q, it emerges from R with maximum possible intensity. The ratio of intensity

of unpolarized light incident on P and the intensity of polarized light emerging from R is

(A) 4 : 1

(B) 2 : 1

(C) 3 : 1

(D) 1 : 1

Correct Answer: (A) 4 : 1

Solution:

Step 1: Find the intensity after the first polaroid.

Let the intensity of the unpolarized light incident on Q be

I0.

After passing through Q,

I1 =
I0

2
.

This is the intensity incident on the middle polaroid P.

Step 2: Apply Malus’ law.

For maximum transmitted intensity through two crossed polaroids, the axis of P should make

an angle
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45◦

with each polaroid.

After passing through P,

I2 = I1 cos2 45◦ =
I1

2
.

After passing through R,

I3 = I2 cos2 45◦ =
I1

4
.

Since

I1 =
I0

2
,

we get

I3 =
I0

8
.

Step 3: Find the required ratio.

The intensity incident on P is

I1 =
I0

2
.

The intensity emerging from R is

I3 =
I0

8
.

Therefore,

I1 : I3 =
I0

2
:

I0

8
= 4 : 1.

Hence,

4 : 1 .

Thus,
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(A)

is the correct answer.

Quick Tip: For crossed polaroids, maximum transmission is obtained when the middle polaroid is

placed at

45◦

to both. Apply Malus’ law successively:

I = I0 cos2 θ .

104. A long charged cylinder of linear charge density λ is surrounded by a hollow coaxial

conducting cylinder. The magnitude of electric field in the space between the two cylinders at

a distance R from the common axis of the cylinders is

(A)
λ

4πϵ0R
(B) 0

(C)
λ

2πϵ0R

(D)
λ

πϵ0R

Correct Answer: (C)
λ

2πϵ0R

Solution:

Step 1: Choose a Gaussian surface.

Consider a cylindrical Gaussian surface of radius

R

and length

L,

where the surface lies between the charged cylinder and the conducting cylinder.
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The enclosed charge is

q = λL.

Step 2: Apply Gauss’ law.

According to Gauss’ law,

∮︂

E⃗ · dA⃗=
q
ϵ0

.

Since the electric field is radial and constant over the curved surface,

E(2πRL) =
λL
ϵ0

.

Hence,

E =
λ

2πϵ0R
.

Step 3: Write the answer.

Therefore,

E =
λ

2πϵ0R
.

Thus,

(C)

is the correct answer.

Quick Tip: For an infinitely long line charge,

E =
λ

2πϵ0r
.

The surrounding conducting cylinder does not alter the electric field in the empty region between the

two cylinders; only the enclosed charge matters in Gauss’ law.
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105. If a capacitor is charged by connecting it to a battery, then the ratio of work done by the

battery and the energy stored in the capacitor is

(A) 3 : 2

(B) 1 : 2

(C) 1 : 1

(D) 2 : 1

Correct Answer: (D) 2 : 1

Solution:

Step 1: Find the work done by the battery.

When a capacitor of capacitance C is charged to a potential difference V ,

Q = CV.

The work done by the battery is

W =QV = CV 2.

Step 2: Find the energy stored in the capacitor.

The energy stored in the capacitor is

U =
1
2

CV 2.

Step 3: Find the required ratio.

Therefore,

W : U = CV 2 :
1
2

CV 2 = 2 : 1.

Hence,

2 : 1 .

Thus,

(D)
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is the correct answer.

Quick Tip: While charging a capacitor,

Wbattery = CV 2, U =
1
2

CV 2.

Half of the work done by the battery is stored in the capacitor and the remaining half is dissipated as

heat.

106. If the potential difference across the ends of a copper wire of 100 cm length is 2 V and

the conductivity of copper is

5.95× 107 Sm−1,

then the current per unit area (in Am−2) of the conductor is

(A) 1.19× 108

(B) 2.975× 107

(C) 2.38× 106

(D) 1.487× 107

Correct Answer: (A) 1.19× 108

Solution:

Step 1: Find the electric field.

The electric field inside the conductor is

E =
V
L

.

Given,

V = 2 V, L = 100 cm= 1 m.

Hence,

E =
2
1
= 2 Vm−1.

Step 2: Use the relation between current density and electric field.
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Current density is

J = σE,

where

σ = 5.95× 107 Sm−1.

Therefore,

J = 5.95× 107 × 2= 1.19× 108 Am−2.

Step 3: Write the answer.

Hence,

1.19× 108 Am−2.

Thus,

(A)

is the correct answer.

Quick Tip: Current density is related to conductivity by

J = σE,

where

E =
V
L

.

107. A potentiometer wire of length 10 m and resistance 9Ω is connected to a cell of emf E

and internal resistance 1Ω. If V is the maximum potential difference that can be measured

using the potentiometer, then the condition for the potentiometer to work is

(A) E = V
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(B) 9E ≥ 10V

(C) E < V

(D) 9V = 10E

Correct Answer: (B) 9E ≥ 10V

Solution:

Step 1: Find the current through the potentiometer wire.

The potentiometer wire of resistance

9Ω

is connected to a cell of emf

E

having internal resistance

1Ω.

Hence, the current through the circuit is

I =
E

9+ 1
=

E
10

.

Step 2: Find the maximum potential difference.

The maximum potential drop across the potentiometer wire is

Vmax = IR=
E

10
× 9=

9E
10

.

For the potentiometer to measure a potential difference

V,

it must satisfy

V ≤ Vmax.

Therefore,
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V ≤
9E
10

.

or

9E ≥ 10V.

Step 3: Write the answer.

Hence,

9E ≥ 10V.

Thus,

(B)

is the correct answer.

Quick Tip: For a potentiometer,

Vmax = IRwire.

The unknown potential difference must always satisfy

V ≤ Vmax.

108. Two identical circular coils each of radius R and number of turns N are arranged coaxially

with a separation of R between their centers. If the current through each coil is I , then the

maximum resultant magnetic field induced at the midpoint of the line joining the centers of

the two coils is

(A)
2µ0N I

R
(B)

4µ0N I
5R

(C)
8µ0N I

5
p

5 R

(D)
µ0N I
πR
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Correct Answer: (C)
8µ0N I

5
p

5 R

Solution:

Step 1: Find the magnetic field due to one coil.

The magnetic field on the axis of a circular coil at a distance x from its centre is

B =
µ0N IR2

2(R2 + x2)3/2
.

Here,

x =
R
2

.

Hence,

B1 =
µ0N IR2

2
�

R2 +
R2

4

�3/2
.

Since

R2 +
R2

4
=

5R2

4
,

B1 =
µ0N IR2

2
�

5R2

4

�3/2
=

4µ0N I

5
p

5R
.

Step 2: Find the resultant magnetic field.

The fields due to the two identical coils are in the same direction at the midpoint.

Therefore,

B = 2B1 = 2
�

4µ0N I

5
p

5R

�

.

Hence,

B =
8µ0N I

5
p

5 R
.

Step 3: Write the answer.

Therefore,
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8µ0N I

5
p

5 R
.

Thus,

(C)

is the correct answer.

Quick Tip: The magnetic field on the axis of a circular coil is

B =
µ0N IR2

2(R2 + x2)3/2
.

At the midpoint between two identical coaxial coils (Helmholtz arrangement), the magnetic fields add

in the same direction.

109. The maximum kinetic energy of a proton ejected from a cyclotron with dees of radius 70

cm and oscillating frequency 5 MHz (in MeV) is

(Mass of proton= 1.67× 10−27 kg)

(A) 2.53

(B) 3.87

(C) 1.46

(D) 4.84

Correct Answer: (A) 2.53

Solution:

Step 1: Use the cyclotron relation.

The maximum kinetic energy of a charged particle in a cyclotron is

Kmax =
1
2

m(2π f r)2,

where
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m= 1.67× 10−27 kg,

f = 5× 106 Hz,

and

r = 70 cm= 0.7 m.

Step 2: Calculate the kinetic energy.

Substituting,

Kmax =
1
2
(1.67× 10−27)

�

2π× 5× 106 × 0.7
�2

.

This gives

Kmax ≈ 4.05× 10−13 J.

Since

1 MeV= 1.6× 10−13 J,

Kmax =
4.05× 10−13

1.6× 10−13
≈ 2.53 MeV.

Step 3: Write the answer.

Hence,

2.53 MeV .

Thus,

(A)

is the correct answer.
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Quick Tip: For a cyclotron,

Kmax =
1
2

m(2π f r)2.

After obtaining energy in joules, convert it to MeV using

1 MeV= 1.6× 10−13 J.

110. A bar magnet of magnetic moment 1.8 Am2 is free to rotate about a vertical axis passing

through its centre at a place where the vertical component of earth’s magnetic field is

0.3× 10−4 T

and the dip angle is 45◦. If the magnet at rest in east-west direction is released, then the kinetic

energy (in µJ) of the magnet when it reaches north-south direction is

(A) 72

(B) 54

(C) 27

(D) 36

Correct Answer: (B) 54

Solution:

Step 1: Find the horizontal component of Earth’s magnetic field.

Given,

BV = 0.3× 10−4 T,

and

δ = 45◦.

Since

tanδ =
BV

BH
,
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we get

BH =
BV

tan 45◦
= 0.3× 10−4 T.

Step 2: Use the change in magnetic potential energy.

The magnet rotates in the horizontal plane, so only the horizontal component BH is effective.

Magnetic potential energy is

U = −MBH cosθ .

Initially, the magnet is along the east-west direction,

θ = 90◦,

so

Ui = 0.

Finally, the magnet aligns along the north-south direction,

θ = 0◦,

thus

U f = −MBH .

Hence, the gain in kinetic energy is

K = Ui − U f = MBH .

Step 3: Calculate the kinetic energy.

Substituting,

K = 1.8× 0.3× 10−4 = 5.4× 10−5 J.

Converting into
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µJ,

K = 5.4× 10−5 × 106 = 54 µJ.

Hence,

54 µJ .

Thus,

(B)

is the correct answer.

Quick Tip: For a freely suspended magnet,

U = −MB cosθ .

If the magnet rotates about a vertical axis, only the horizontal component of Earth’s magnetic field

contributes:

BH =
BV

tanδ
.

111. If the current passing through a coil of self-inductance 50 mH having 50 turns is 5 A, then

the magnetic flux linked with the coil (in 10−3 Wb) is

(A) 5

(B) 20

(C) 10

(D) 250

Correct Answer: (D) 250

Solution:

Step 1: Use the relation between self-inductance and flux linkage.
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The self-inductance of a coil is given by

L =
Nφ

I
,

where

L = 50 mH= 50× 10−3 H,

N = 50,

and

I = 5 A.

Step 2: Calculate the magnetic flux.

Rearranging,

φ =
LI
N

.

Substituting,

φ =
50× 10−3 × 5

50
= 5× 10−3 Wb.

Hence,

φ = 5× 10−3 Wb.

Expressing in units of

10−3 Wb,

φ = 5.

Since the question asks for the magnetic flux linked with the coil,

Nφ = 50× 5× 10−3 = 250× 10−3 Wb.
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Therefore,

250 .

Step 3: Write the answer.

Hence,

250 .

Thus,

(D)

is the correct answer.

Quick Tip: Remember,

L =
Nφ

I
,

where

Nφ

is the flux linkage. Read the question carefully to distinguish between magnetic flux (φ) and flux

linkage (Nφ).

112. When an inductor and a resistor are connected in series to an AC source, the power factor

of the circuit is
2
p

13
.

If the same resistor and a capacitor are connected in series to the same AC source, then the

power factor of the circuit is
1
p

2
.

If these inductor, capacitor and resistor are connected in series to the same AC source, then

the ratio of the resistance and impedance of the LCR circuit is
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(A) 1 :
p

7

(B) 2 :
p

5

(C) 2 :
p

7

(D) 1 :
p

5

Correct Answer: (B) 2 :
p

5

Solution:

Step 1: Find the inductive reactance.

For the RL circuit,

cosφ =
R

Æ

R2 + X 2
L

=
2
p

13
.

Squaring,

R2

R2 + X 2
L

=
4
13

.

Hence,

13R2 = 4(R2 + X 2
L),

9R2 = 4X 2
L ,

X L =
3R
2

.

Step 2: Find the capacitive reactance.

For the RC circuit,

R
Æ

R2 + X 2
C

=
1
p

2
.

Therefore,

2R2 = R2 + X 2
C ,

XC = R.
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Step 3: Find the impedance of the LCR circuit.

Net reactance is

X = X L − XC =
3R
2
− R=

R
2

.

Hence,

Z =

⌜

⃓

⎷

R2 +
�

R
2

�2

=
R
p

5
2

.

Thus,

R : Z = R :
R
p

5
2
= 2 :
p

5.

Hence,

2 :
p

5 .

Thus,

(B)

is the correct answer.

Quick Tip: For AC circuits,

cosφ =
R
Z

.

Also,

ZRL =
q

R2 + X 2
L , ZRC =

q

R2 + X 2
C ,

and for a series LCR circuit,

Z =
Æ

R2 + (X L − XC)2.

113. The wavelength range of the electromagnetic waves suitable for radar systems used in

aircraft navigation is
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(A) 0.1 m to 1 mm

(B) 700 nm to 400 nm

(C) 300 nm to 10 nm

(D) 1 nm to 10−3 nm

Correct Answer: (A) 0.1 m to 1 mm

Solution:

Step 1: Identify the electromagnetic waves used in radar.

Radar systems used in aircraft navigation operate using

Microwaves.

Step 2: Recall the wavelength range of microwaves.

The wavelength range of microwaves is approximately

0.1 m to 1 mm.

This range is suitable for long-distance transmission with minimum atmospheric absorption.

Step 3: Write the answer.

Hence,

0.1 m to 1 mm .

Thus,

(A)

is the correct answer.

Quick Tip: Radar systems use

Microwaves

because they can travel long distances, penetrate clouds, and can be reflected effectively by aircraft and

other objects.
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114. If an electron initially at rest is subjected to a uniform electric field of 4125 NC−1, then

the de Broglie wavelength associated with the electron at time t = 2× 10−9 s is

(Planck’s constant= 6.6× 10−34 Js)

(A) 12 Å

(B) 2 Å

(C) 10 Å

(D) 5 Å

Correct Answer: (D) 5 Å

Solution:

Step 1: Find the momentum of the electron.

The force acting on the electron is

F = eE.

Hence, the momentum after time t is

p = F t = eEt.

Using

e = 1.6× 10−19 C,

E = 4125 NC−1,

and

t = 2× 10−9 s,

p = 1.6× 10−19 × 4125× 2× 10−9 = 1.32× 10−24 kgms−1.

Step 2: Apply the de Broglie relation.
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The de Broglie wavelength is

λ=
h
p

.

Thus,

λ=
6.6× 10−34

1.32× 10−24
= 5× 10−10 m.

Since

1 Å= 10−10 m,

λ= 5 Å.

Step 3: Write the answer.

Hence,

5 Å .

Thus,

(D)

is the correct answer.

Quick Tip: For a charged particle initially at rest in a uniform electric field,

p = eEt.

Then use the de Broglie relation

λ=
h
p

.

115. If the time period of an electron in the ground state of hydrogen atom is 1.5× 10−16 s,

then the time period of the electron in the third excited state of hydrogen atom is
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(A) 2.4× 10−15 s

(B) 9.6× 10−15 s

(C) 6.4× 10−15 s

(D) 4.8× 10−15 s

Correct Answer: (B) 9.6× 10−15 s

Solution:

Step 1: Identify the orbit number.

The third excited state corresponds to

n= 4.

Step 2: Use the relation for time period.

For the hydrogen atom,

Tn∝ n3.

Hence,

T4

T1
=
�

4
1

�3

= 64.

Therefore,

T4 = 64× 1.5× 10−16 = 96× 10−16 = 9.6× 10−15 s.

Step 3: Write the answer.

Hence,

9.6× 10−15 s .

Thus,

(B)

is the correct answer.
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Quick Tip: In the Bohr model of the hydrogen atom,

Tn∝ n3.

Remember that

Third excited state ⇒ n= 4.

116. If the mean life of a radioactive substance is

20
ln4

minutes, then the ratio of the number of atoms remaining undecayed and the number of atoms

decayed of the substance at a time of 30 minutes is

(A) 3 : 8

(B) 7 : 8

(C) 1 : 7

(D) 1 : 8

Correct Answer: (C) 1 : 7

Solution:

Step 1: Find the decay constant.

Mean life is

τ=
1
λ

.

Given,

τ=
20
ln 4

.

Hence,

λ=
ln 4
20

.

Step 2: Calculate the number of undecayed atoms.

TS EAMCET 2026 Page 221 of 297 © Collegedunia.com



The radioactive decay law is

N = N0e−λt .

For

t = 30 min,

N = N0e−
ln 4
20 ×30 = N0e−

3
2 ln4.

Since

43/2 = 8,

N =
N0

8
.

Step 3: Find the required ratio.

Number of atoms decayed is

N0 − N = N0 −
N0

8
=

7N0

8
.

Therefore,

Undecayed : Decayed=
N0

8
:

7N0

8
= 1 : 7.

Hence,

1 : 7 .

Thus,

(C)

is the correct answer.
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Quick Tip: For radioactive decay,

N = N0e−λt , λ=
1
τ

,

where

τ

is the mean life.

117. If a graph is drawn between the binding energy per nucleon and the mass number of

nucleus, then the mass number of the nucleus for which the binding energy per nucleon has a

maximum value is

(A) 56

(B) 35

(C) 106

(D) 115

Correct Answer: (A) 56

Solution:

Step 1: Recall the binding energy curve.

The graph of binding energy per nucleon versus mass number shows that the binding energy

per nucleon increases rapidly for light nuclei, reaches a maximum near iron, and then decreases

slowly for heavier nuclei.

Step 2: Identify the nucleus with maximum binding energy per nucleon.

The maximum binding energy per nucleon occurs for nuclei around

A≈ 56,

which corresponds to iron.

Hence,

A= 56.

Step 3: Write the answer.
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Therefore,

56 .

Thus,

(A)

is the correct answer.

Quick Tip: The binding energy per nucleon is maximum for nuclei around

A≈ 56

(iron region), making them the most stable nuclei.

118. If the band gap of a semiconductor is equal to the energy of a photon of wavelength 620

nm, then the minimum thermal energy required for the generation of 8 electron-hole pairs is

nearly

(A) 8 eV

(B) 4 eV

(C) 16 eV

(D) 2 eV

Correct Answer: (C) 16 eV

Solution:

Step 1: Calculate the band gap energy.

The band gap energy is equal to the energy of a photon of wavelength

λ= 620 nm.

Using

E =
1240
λ(nm)

eV,
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we get

Eg =
1240
620

= 2 eV.

Step 2: Find the energy required for 8 electron-hole pairs.

Each electron-hole pair requires energy equal to the band gap.

Therefore,

E = 8Eg = 8× 2= 16 eV.

Step 3: Write the answer.

Hence,

16 eV .

Thus,

(C)

is the correct answer.

Quick Tip: The energy of a photon is

E(eV) =
1240
λ(nm)

.

The minimum energy required to generate n electron-hole pairs is

nEg .

119. The current gain of a common emitter amplifier is 50 and its power gain is 3000. If the

input resistance of the amplifier is 1200Ω, then its output resistance is

(A) 1720Ω

(B) 1800Ω

(C) 2400Ω
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(D) 1440Ω

Correct Answer: (D) 1440Ω

Solution:

Step 1: Use the relation between power gain, current gain and voltage gain.

Power gain is

AP = AIAV .

Given,

AP = 3000, AI = 50.

Hence,

AV =
3000

50
= 60.

Step 2: Relate voltage gain to resistances.

For a transistor amplifier,

AV = AI

�

Rout

Rin

�

.

Therefore,

60= 50
�

Rout

1200

�

.

Hence,

Rout =
60× 1200

50
= 1440Ω.

Step 3: Write the answer.

Therefore,

1440Ω.

Thus,
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(D)

is the correct answer.

Quick Tip: For a transistor amplifier,

AP = AIAV

and

AV = AI

�

Rout

Rin

�

.

120. If the peak voltage of message signal is 60% less than the peak voltage of the carrier

wave, then the modulation index is

(A) 0.3

(B) 0.4

(C) 0.6

(D) 0.2

Correct Answer: (B) 0.4

Solution:

Step 1: Recall the definition of modulation index.

The modulation index is

m=
Vm

Vc
,

where

Vm = peak voltage of the message signal,

and

Vc = peak voltage of the carrier wave.

TS EAMCET 2026 Page 227 of 297 © Collegedunia.com



Step 2: Find the message signal amplitude.

The message signal is 60% less than the carrier signal.

Hence,

Vm = 40% of Vc = 0.4Vc.

Therefore,

m=
0.4Vc

Vc
= 0.4.

Step 3: Write the answer.

Hence,

0.4 .

Thus,

(B)

is the correct answer.

Quick Tip: For amplitude modulation,

m=
Vm

Vc
.

If the message signal is x% of the carrier signal, then

m=
x

100
.

121. The work functions of three metals A, B and C are respectively 2.25, 2.42 and 3.6 eV.

All the three metals are irradiated with light of wavelength 330 nm. The kinetic energies of

photoelectrons emitted from A, B and C are respectively EA, EB and EC . The correct relationship

among EA, EB and EC is

(h= 6.6× 10−34 Js, c = 3× 108 ms−1)
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(A) EA > EB > EC

(B) EA = EB = EC

(C) EA < EB < EC

(D) EC > EA > EB

Correct Answer: (A) EA > EB > EC

Solution:

Step 1: Calculate the energy of the incident photon.

The photon energy is

E =
hc
λ

.

Using

E =
1240
330

eV,

we get

E ≈ 3.76 eV.

Step 2: Apply Einstein’s photoelectric equation.

The maximum kinetic energy is

Kmax = E −φ.

For metal A,

EA = 3.76− 2.25= 1.51 eV.

For metal B,

EB = 3.76− 2.42= 1.34 eV.

For metal C ,

EC = 3.76− 3.60= 0.16 eV.
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Step 3: Compare the kinetic energies.

Clearly,

EA > EB > EC .

Hence,

EA > EB > EC .

Thus,

(A)

is the correct answer.

Quick Tip: Einstein’s photoelectric equation is

Kmax = hν−φ.

For the same incident light, a smaller work function produces a larger maximum kinetic energy.

122. Observe the given two statements about α-particle experiment and Rutherford assump-

tions.

Statement-I: The ratio of atomic radius to its nuclear radius is 105.

Statement-II: In an atom, the majority of the space is vacant.

The correct answer is

(A) Both statements I and II are correct

(B) Statement I is correct, but statement II is not correct

(C) Statement I is not correct, but statement II is correct

(D) Both statements I and II are not correct

Correct Answer: (A) Both statements I and II are correct

Solution:

Step 1: Verify Statement-I.
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The atomic radius is approximately

10−10 m,

while the nuclear radius is approximately

10−15 m.

Therefore,

Atomic radius
Nuclear radius

=
10−10

10−15
= 105.

Hence, Statement-I is correct.

Step 2: Verify Statement-II.

According to Rutherford’s nuclear model,

Most of the mass is concentrated in the tiny nucleus,

and therefore,

most of the volume of an atom is empty space.

Hence, Statement-II is also correct.

Step 3: Write the conclusion.

Both statements are correct.

Hence,

(A)

is the correct answer.
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Quick Tip: According to Rutherford’s model,

Atomic radius≈ 10−10 m,

Nuclear radius≈ 10−15 m.

Thus,

Atomic radius
Nuclear radius

= 105,

showing that most of the atom is empty space.

123. Which of the following is an endothermic process? (g = gas)

(A) Xe(g) + e−→ Xe−(g)

(B) O(g) + e−→ O−(g)

(C) Cl(g) + e−→ Cl−(g)

(D) I(g) + e−→ I−(g)

Correct Answer: (A) Xe(g) + e−→ Xe−(g)

Solution:

Step 1: Recall the concept of electron affinity.

The process

X (g) + e−→ X−(g)

is generally exothermic for non-metals because energy is released when an electron is added.

Step 2: Identify the exceptional case.

Noble gases have completely filled electronic configurations.

Adding an electron to xenon requires energy, so the process is endothermic.

Hence,

Xe(g) + e−→ Xe−(g)

is an endothermic process.

Step 3: Write the answer.
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Hence,

Xe(g) + e−→ Xe−(g) .

Thus,

(A)

is the correct answer.

Quick Tip: Electron gain is generally exothermic for non-metals.

Noble gases have positive electron affinity (endothermic).

124. In which of the following compounds, the size of manganese is maximum?

(A) KMnO4

(B) K2MnO4

(C) Mn2O7

(D) MnO2

Correct Answer: (D) MnO2

Solution:

Step 1: Determine the oxidation state of Mn.

KMnO4 : +7,

K2MnO4 : +6,

Mn2O7 : +7,

MnO2 : +4.

Step 2: Compare ionic sizes.

The ionic size decreases with increase in oxidation state because of greater effective nuclear

attraction.

Among the given compounds,
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Mn4+

has the lowest oxidation state.

Therefore, it has the largest size.

Step 3: Write the answer.

Hence,

MnO2 .

Thus,

(D)

is the correct answer.

Quick Tip: For the same element,

Higher oxidation state ⇒ smaller ionic size.

125. Consider the following

HF, H2O, BeCl2, CO2, BF3, NF3, CCl4, CHCl3

The number of polar molecules is

(A) 2

(B) 3

(C) 4

(D) 5

Correct Answer: (C) 4

Solution:

Step 1: Identify the polar molecules.

The polar molecules are
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HF, H2O, NF3, CHCl3.

Step 2: Identify the non-polar molecules.

The following molecules are symmetrical, so their bond dipole moments cancel.

BeCl2, CO2, BF3, CCl4.

Hence, they are non-polar.

Step 3: Count the polar molecules.

Number of polar molecules

= 4.

Hence,

4 .

Thus,

(C)

is the correct answer.

Quick Tip: A molecule is polar if it has

a non-zero net dipole moment.

Always consider both

bond polarity and molecular geometry.

126. How many of the following molecules / ions are paramagnetic in nature?

N2, O2, F2, NO, CO, O−2 , O2−
2 , N+2 , NO+, NO−, H2
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(A) 7

(B) 6

(C) 5

(D) 4

Correct Answer: (B) 6

Solution:

Step 1: Identify the paramagnetic species using Molecular Orbital Theory.

The given species are classified as follows:

Paramagnetic: O2, NO, O−2 , N+2 , NO−, NO

Diamagnetic: N2, F2, CO, O2−
2 , NO+, H2

Thus, the number of paramagnetic species is

6.

Step 2: Write the answer.

Hence,

6 .

Thus,

(B)

is the correct answer.

Quick Tip: A molecule is

Paramagnetic

if it contains one or more unpaired electrons in its molecular orbitals; otherwise, it is

Diamagnetic.
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127. At T(K), the pressure of two ideal gases A and B is in the ratio

PA : PB = 2 : 5.

At this temperature, their densities are the same. The molar mass ratio

(MA : MB)

is

(A) 5 : 2

(B) 1 : 2

(C) 5 : 1

(D) 25 : 4

Correct Answer: (A) 5 : 2

Solution:

Step 1: Use the ideal gas density relation.

For an ideal gas,

ρ =
PM
RT

.

Since both gases have the same density and temperature,

PAMA

RT
=

PB MB

RT
.

Therefore,

PAMA = PB MB.

Step 2: Substitute the pressure ratio.

Given,

PA : PB = 2 : 5.

Hence,

TS EAMCET 2026 Page 237 of 297 © Collegedunia.com



2MA = 5MB.

Therefore,

MA : MB = 5 : 2.

Step 3: Write the answer.

Hence,

5 : 2 .

Thus,

(A)

is the correct answer.

Quick Tip: For an ideal gas,

ρ =
PM
RT

.

At the same temperature, if two gases have equal densities,

P1M1 = P2M2.

128. A solution is prepared by reacting 500 mL of 0.2 M KMnO4 with 500 mL of 0.2 M KBr

solution in basic medium. What are the concentrations of KBr and KBrO3 respectively in the

resultant solution?

(A) 0.025 M, 0.025 M

(B) 0.05 M, 0.025 M

(C) 0.05 M, 0.05 M

(D) 0.025 M, 0.05 M

Correct Answer: (C) 0.05 M, 0.05 M
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Solution:

Step 1: Write the balanced reaction in basic medium.

The balanced reaction is

2MnO−4 + Br− +H2O→ 2MnO2 + BrO−3 + 2OH−.

Thus,

2 mol of MnO−4

react with

1 mol of Br−.

Step 2: Calculate the initial moles.

Moles of

KMnO4 = 0.5× 0.2= 0.1.

Moles of

KBr= 0.5× 0.2= 0.1.

According to the stoichiometry,

0.1 mol of MnO−4

consume

0.05 mol of Br−.

Therefore,

Unreacted KBr= 0.1− 0.05= 0.05 mol.

Also,

KBrO3 formed= 0.05 mol.
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Step 3: Find the concentrations.

The total volume after mixing is

500+ 500= 1000 mL= 1 L.

Hence,

[KBr] =
0.05

1
= 0.05 M,

and

[KBrO3] =
0.05

1
= 0.05 M.

Therefore,

0.05 M, 0.05 M .

Thus,

(C)

is the correct answer.

Quick Tip: Always balance the redox reaction first, calculate the limiting reagent, and then divide the

remaining moles by the final solution volume to obtain the concentration.

129. What is the enthalpy change (in kJ mol−1) for the following reaction?

CH4(g)→ C(g) + 4H(g)

Given

∆ f H◦(CH4) = −74.8 kJ mol−1,

H2(g)→ 2H(g); ∆aH◦ = 435 kJ mol−1,
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C(s)→ C(g); ∆aH◦ = 716.7 kJ mol−1.

(A) 396.67

(B) 1586.7

(C) 1661.5

(D) 415.37

Correct Answer: (C) 1661.5

Solution:

Step 1: Apply Hess’s law.

The required reaction is

CH4(g)→ C(g) + 4H(g).

Break it into steps:

CH4(g)→ C(s) + 2H2(g)

∆H = +74.8 kJ mol−1

(reverse of the enthalpy of formation).

C(s)→ C(g)

∆H = 716.7 kJ mol−1.

2H2(g)→ 4H(g)

∆H = 2× 435= 870 kJ mol−1.

Step 2: Calculate the total enthalpy change.

∆H = 74.8+ 716.7+ 870= 1661.5 kJ mol−1.
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Step 3: Write the answer.

Hence,

1661.5 kJ mol−1 .

Thus,

(C)

is the correct answer.

Quick Tip: Use Hess’s law:

∆H =
∑︂

(bond breaking/atomization)−
∑︂

(bond formation)

Reverse the formation reaction when decomposing a compound into its elements.

130. The pH of 0.01 M aqueous aniline solution at 298 K is 8.3. Its degree of dissociation (α) is

(Kb of aniline= 4× 10−10; antilog(0.7) = 5.0; antilog(0.3) = 2.0; antilog(0.4) = 2.5)

(A) 10−4

(B) 4× 10−4

(C) 1.5× 10−4

(D) 2× 10−4

Correct Answer: (D) 2× 10−4

Solution:

Step 1: Calculate the hydroxide ion concentration.

Given,

pH= 8.3.

Hence,
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pOH= 14− 8.3= 5.7.

Therefore,

[OH−] = 10−5.7 = 2× 10−6 M.

Step 2: Find the degree of dissociation.

For a weak base,

[OH−] = Cα.

Given,

C = 0.01= 10−2 M.

Thus,

α=
2× 10−6

10−2
= 2× 10−4.

Step 3: Write the answer.

Hence,

2× 10−4 .

Thus,

(D)

is the correct answer.
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Quick Tip: For a weak base,

[OH−] = Cα.

First calculate

pOH= 14− pH

and then obtain [OH−].

131. Three separate vessels (A, B and C) each contain 100 mL of distilled water. Some quantity

of P4O10(s), SiCl4(l) and Ca3N2(s) are added into A, B and C vessels respectively. The pH range

in A, B and C respectively are

(A) 0− 7, 0− 7, 0− 7

(B) 0− 7, 0− 7, 7− 14

(C) 7− 14, 7− 14, 0− 7

(D) 0− 7, 7− 14, 7− 14

Correct Answer: (B) 0− 7, 0− 7, 7− 14

Solution:

Step 1: Identify the nature of the solution in vessel A.

P4O10 + 6H2O→ 4H3PO4

Phosphoric acid is formed.

Hence,

A is acidic (pH 0− 7).

Step 2: Identify the nature of the solution in vessel B.

SiCl4 + 4H2O→ Si(OH)4 + 4HCl

Hydrochloric acid is produced.

Hence,
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B is acidic (pH 0− 7).

Step 3: Identify the nature of the solution in vessel C.

Ca3N2 + 6H2O→ 3Ca(OH)2 + 2NH3

Both calcium hydroxide and ammonia make the solution basic.

Hence,

C is basic (pH 7− 14).

Therefore, the pH ranges are

0− 7, 0− 7, 7− 14.

Thus,

(B)

is the correct answer.

Quick Tip: Remember these hydrolysis reactions:

P4O10→ H3PO4 (acidic)

SiCl4→ HCl (acidic)

Ca3N2→ Ca(OH)2 +NH3 (basic)

132. The chemical prepared by Solvay’s process is X . The chemical prepared by Castner-Kellner

process is Y . X and Y are respectively

(A) NaOH, NaCl

(B) NaNO3, NaOH

(C) NaOH, Na2CO3
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(D) Na2CO3, NaOH

Correct Answer: (D) Na2CO3, NaOH

Solution:

Step 1: Recall the product of Solvay’s process.

Solvay’s process is the industrial method for manufacturing

Na2CO3

(sodium carbonate).

Hence,

X = Na2CO3.

Step 2: Recall the product of Castner-Kellner process.

Castner-Kellner process is used for the manufacture of

NaOH

(sodium hydroxide) by electrolysis of brine.

Hence,

Y = NaOH.

Step 3: Write the answer.

Therefore,

X = Na2CO3, Y = NaOH.

Hence,

Na2CO3, NaOH .

Thus,

(D)

TS EAMCET 2026 Page 246 of 297 © Collegedunia.com



is the correct answer.

Quick Tip: Remember the important industrial processes:

Solvay process→ Na2CO3

Castner-Kellner process→ NaOH

133. Given below are two statements

Statement-I: The solubility of CaCl2 and MgCl2 in water is more than that of NaCl.

Statement-II: Ca(NO3)2 on heating gives three products.

The correct answer is

(A) Both statements I and II are correct

(B) Statement I is correct but statement II is not correct

(C) Statement I is not correct but statement II is correct

(D) Both statements I and II are not correct

Correct Answer: (A) Both statements I and II are correct

Solution:

Step 1: Verify Statement-I.

The chlorides of calcium and magnesium are highly soluble in water.

Their solubility is greater than that of sodium chloride.

Hence,

Statement-I is correct.

Step 2: Verify Statement-II.

On heating,

2Ca(NO3)2→ 2CaO+ 4NO2 +O2.

The products formed are
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CaO, NO2, O2,

which are three products.

Hence,

Statement-II is correct.

Step 3: Write the conclusion.

Both statements are correct.

Hence,

(A)

is the correct answer.

Quick Tip: On heating Group-2 metal nitrates,

M(NO3)2→MO+NO2 +O2.

Thus, three products are formed.

134. Empirical formula weight of borazine is

(At. wt: H = 1 u, B = 10.8 u, N = 14 u)

(A) 13.0

(B) 13.4

(C) 26.8

(D) 40.2

Correct Answer: (C) 26.8

Solution:

Step 1: Write the molecular formula of borazine.

Borazine has the molecular formula
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B3N3H6.

Dividing the subscripts by 3, the empirical formula is

BNH2 .

Step 2: Calculate the empirical formula weight.

Empirical formula weight= 10.8+ 14+ 2(1).

= 26.8 u.

Step 3: Write the answer.

Hence,

26.8 .

Thus,

(C)

is the correct answer.

Quick Tip: Borazine is called

Inorganic benzene

and has the molecular formula

B3N3H6.

Its empirical formula is

BNH2.
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135. Which of the following reactions give hydrogen gas?

I. Reaction of tin with steam

II. Passage of steam over hot coke

III. Passage of air over hot coke

The correct answer is

(A) I, III only

(B) I, II only

(C) I, II, III

(D) II only

Correct Answer: (B) I, II only

Solution:

Step 1: Check Reaction I.

Tin reacts with steam to produce tin oxide and hydrogen.

Sn+ 2H2O(g)→ SnO2 + 2H2.

Hence, hydrogen is produced.

Step 2: Check Reaction II.

Steam passed over hot coke gives water gas.

C+H2O(g)→ CO+H2.

Hence, hydrogen is produced.

Step 3: Check Reaction III.

Passing air over hot coke produces producer gas.

2C+O2 + 4N2→ 2CO+ 4N2.

No hydrogen gas is formed.

Therefore, only reactions I and II produce hydrogen.

Hence,
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(B)

is the correct answer.

Quick Tip: Remember the gases formed:

Steam + hot coke→Water gas (CO+H2)

Air + hot coke→ Producer gas (CO+ N2)

136. Observe the following

PAN Acrolein CF2Cl2 CH2O Vinyl chloride

A B C D E

Identify the pollutants which are formed when unburnt hydrocarbons are released into atmo-

spheric air.

(A) A, B, C, D, E

(B) A, B, D only

(C) A, B, E only

(D) B, C, D only

Correct Answer: (B) A, B, D only

Solution:

Step 1: Identify pollutants formed from unburnt hydrocarbons.

Unburnt hydrocarbons react with nitrogen oxides in the presence of sunlight to form photo-

chemical pollutants such as

PAN, Acrolein and Formaldehyde (CH2O).

Step 2: Eliminate the remaining compounds.

CF2Cl2
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is a chlorofluorocarbon (CFC), not formed from unburnt hydrocarbons.

Vinyl chloride is an industrial chemical and is not a product of photochemical reactions of

unburnt hydrocarbons.

Step 3: Write the answer.

Hence, the pollutants formed are

A, B and D only.

Thus,

(B)

is the correct answer.

Quick Tip: Photochemical smog mainly contains

PAN, aldehydes (e.g., formaldehyde), ozone and acrolein.

CFCs and vinyl chloride are not formed from unburnt hydrocarbons.

137. IUPAC names of the following compounds X and Y are respectively

X : CH3CH(Br)CH= C(CH3)2

Y : Benzene ring having an ethyl group and an ethoxy group in the meta position

(A) 2-Bromo-4-methylpent-3-ene ; 3-Ethoxy phenyl ethane

(B) 2-Bromo-4-methylpent-3-ene ; 1-Ethyl-3-ethoxy benzene

(C) 4-Bromo-2-methylpent-2-ene ; 1-Ethoxy-3-ethyl benzene

(D) 4-Bromo-2-methylpent-2-ene ; 3-Ethoxy phenyl ethane

Correct Answer: (C) 4-Bromo-2-methylpent-2-ene ; 1-Ethoxy-3-ethyl benzene
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Solution:

Step 1: Name compound X .

Choose the longest chain containing the double bond.

Number the chain from the end nearest the double bond.

CH3CH(Br)CH= C(CH3)2

gives

4-Bromo-2-methylpent-2-ene.

Step 2: Name compound Y .

The benzene ring contains

−OC2H5

(ethoxy) and

−C2H5

(ethyl) groups in the meta position.

Using the lowest set of locants and alphabetical order,

1-Ethoxy-3-ethyl benzene.

Step 3: Write the answer.

Therefore, the correct pair of IUPAC names is

4-Bromo-2-methylpent-2-ene ; 1-Ethoxy-3-ethyl benzene.

Thus,

(C)

is the correct answer.
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Quick Tip: For IUPAC nomenclature,

Give the double bond the lowest possible locant.

For substituted benzene,

If locants are the same, assign position 1 alphabetically.

138. An alkene, X (C5H10) exhibits cis/trans isomerism. Bromination of X followed by reaction

with reagent(s) Y gave the product Z . What are Y and Z?

(A) NaNH2 ; (CH3)2CHC≡ CH

(B) KOH(aq) ; CH3CH2CH2C≡ CH

(C) alc.KOH, NaNH2 ; CH3CH2C≡ CCH3

(D) alc.KOH, NaNH2 ; CH3CH2CH2C≡ CH

Correct Answer: (C) alc.KOH, NaNH2 ; CH3CH2C≡ CCH3

Solution:

Step 1: Identify the alkene.

Among the alkenes with molecular formula

C5H10,

the compound showing cis/trans isomerism is

Pent-2-ene.

Step 2: Bromination followed by dehydrohalogenation.

Pent-2-ene undergoes bromination to give

2, 3-dibromopentane.

Treatment with alcoholic KOH followed by

NaNH2
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causes double dehydrohalogenation to form the alkyne

CH3CH2C≡ CCH3

(pent-2-yne).

Step 3: Write the answer.

Hence,

Y = alc. KOH, NaNH2,

and

Z = CH3CH2C≡ CCH3.

Thus,

(C)

is the correct answer.

Quick Tip: Vicinal dibromoalkanes on treatment with

alc. KOH followed by NaNH2

undergo double dehydrohalogenation to give alkynes.

139. An alkene, C4H8 (X ), on reaction with HBr gives a compound Y . Hydrolysis of Y follows

the SN1 mechanism. The ozonolysis products of X are

(A) CH3CH2CHO, CH2O

(B) CH3CHO, CH3CHO

(C) CH3CH2OH, CH3CHO

(D) CH3COCH3, CH2O

Correct Answer: (D) CH3COCH3, CH2O
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Solution:

Step 1: Identify the alkene.

Hydrolysis of Y follows the

SN1

mechanism, so Y must be a tertiary alkyl bromide.

The alkene that forms a tertiary bromide on addition of HBr is

2-methylpropene.

Step 2: Find the ozonolysis products.

Ozonolysis of

(CH3)2C= CH2

gives

(CH3)2CO

(acetone) and

HCHO

(formaldehyde).

That is,

CH3COCH3, CH2O.

Step 3: Write the answer.

Hence,

CH3COCH3, CH2O .

Thus,
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(D)

is the correct answer.

Quick Tip: A tertiary alkyl halide undergoes hydrolysis mainly by the

SN1

mechanism.

Ozonolysis cleaves the

C= C

bond into carbonyl compounds.

140. Observe the following reaction sequence and the statements given about the product Y

C6H6
HBr

−−−−−−−−→
(C6H5CO)2, O2

−−−−−−→
Na/dry ether

X
O3, 773K, 10-20 atm, V2O5−−−−−−−−−−−−−−→

CH3Cl/anhy. AlCl3
Y

I. Reaction of Y with Br2/UV light forms aryl bromide.

II. Reaction of Y with CrO3/(CH3CO)2O followed by hydrolysis gives a compound which is acidic in

nature.

The correct answer is

(A) Both statements I and II are correct

(B) Both statements I and II are not correct

(C) Statement I is correct, but statement II is not correct

(D) Statement I is not correct, but statement II is correct

Correct Answer: (B) Both statements I and II are not correct

Solution:

Step 1: Identify product Y .

The reaction sequence converts benzene into toluene through bromination, Wurtz-Fittig reac-

tion and Friedel-Crafts alkylation.

Oxidation of toluene under
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O2, V2O5, 773 K

gives

Benzoic acid.

Thus,

Y = C6H5COOH.

Step 2: Check Statement-I.

Benzoic acid does not undergo bromination with

Br2/UV

to give aryl bromide.

Hence,

Statement-I is incorrect.

Step 3: Check Statement-II.

Benzoic acid does not undergo Etard oxidation

CrO3/(CH3CO)2O

to form another acidic product.

Hence,

Statement-II is also incorrect.

Therefore,

(B)

is the correct answer.
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Quick Tip: Remember:

Toluene
O2−−→

V2O5

Benzoic acid

Benzoic acid does not undergo side-chain bromination or Etard oxidation.

141. A metal crystallizes in cubic lattice with edge length of 4 Å. The number of unit cells of

this metal present in 128 cm3 volume is

(A) 2× 1024

(B) 4× 1024

(C) 8× 1024

(D) 16× 1024

Correct Answer: (A) 2× 1024

Solution:

Step 1: Convert the edge length into centimeters.

Since,

1 Å= 10−8 cm,

a = 4× 10−8 cm.

Step 2: Calculate the volume of one unit cell.

Vcell = a3 = (4× 10−8)3 = 64× 10−24 = 6.4× 10−23 cm3.

Step 3: Calculate the number of unit cells.

N =
128

6.4× 10−23
= 20× 1023 = 2× 1024.

Hence,

2× 1024 .
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Thus,

(A)

is the correct answer.

Quick Tip: For a cubic crystal,

Number of unit cells=
Total volume

a3

where a is the edge length of the unit cell.

142. If two liquids A and B have

P◦A : P◦B = 1 : 2

and have mole fraction in solution as 1 : 2, then mole fraction of B in vapour phase is

(A) 0.2

(B) 0.8

(C) 0.4

(D) 0.6

Correct Answer: (B) 0.8

Solution:

Step 1: Find the mole fractions in the liquid phase.

Given,

xA : xB = 1 : 2.

Hence,

xA =
1
3

, xB =
2
3

.

Also,

P◦A : P◦B = 1 : 2.
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Let

P◦A = P, P◦B = 2P.

Step 2: Apply Raoult’s law.

Partial pressures are

PA = xAP◦A =
1
3

P,

PB = xB P◦B =
2
3
(2P) =

4
3

P.

Total pressure,

Ptotal =
1
3

P +
4
3

P =
5
3

P.

Step 3: Calculate the mole fraction in vapour phase.

yB =
PB

Ptotal
=

4
3 P
5
3 P
=

4
5
= 0.8.

Hence,

0.8 .

Thus,

(B)

is the correct answer.
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Quick Tip: For ideal solutions,

Pi = x i P
◦
i

and

yi =
Pi

Ptotal
.

143. The following reaction takes place in a galvanic cell at 298 K

Fe2+(aq) +Ag+(aq)→ Fe3+(aq) +Ag(s)

The ∆r G
◦ (in kJ mol−1) and log Kc values are respectively

(F = 96500 Cmol−1, E◦Ag+/Ag = 0.80 V, E◦Fe3+/Fe2+ = 0.77 V, R= 8.3 J mol−1K−1)

(A) −0.508; 2.895

(B) 2.895; 5.08

(C) −2.895; 0.508

(D) 2.895; 0.508

Correct Answer: (C) −2.895; 0.508

Solution:

Step 1: Calculate the standard cell potential.

Cathode:

Ag+ + e−→ Ag, E◦ = 0.80 V.

Anode:

Fe2+→ Fe3+ + e−,

whose oxidation potential is

−0.77 V.
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Therefore,

E◦cell = 0.80− 0.77= 0.03 V.

Step 2: Calculate ∆r G
◦.

Since

n= 1,

∆r G
◦ = −nF E◦cell = −(1)(96500)(0.03) = −2895 J mol−1 = −2.895 kJ mol−1.

Step 3: Calculate log Kc.

Using

∆r G
◦ = −2.303RT log Kc,

log Kc =
2895

2.303× 8.3× 298
≈ 0.508.

Hence,

∆r G
◦ = −2.895 kJ mol−1, log Kc = 0.508.

Thus,

(C)

is the correct answer.

Quick Tip: Remember,

∆G◦ = −nF E◦cell

and

∆G◦ = −2.303RT log K .
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144. At T(K), the following data is obtained for the decomposition of A(g), which follows first

order kinetics

A(g)→ B(g) + C(g)

What is x (in s)?

(log 1.25= 0.097, log1.4285= 0.1549)

(A) 180

(B) 160

(C) 140

(D) 200

Correct Answer: (B) 160

Solution:

Step 1: Determine the partial pressure of A.

Initially,

P0 = 0.5 atm.

For the reaction

A→ B + C ,

the partial pressure of A at any instant is

PA = 2P0 − Pt .

At t = 100 s,
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PA = 2(0.5)− 0.6= 0.4 atm.

At t = x ,

PA = 2(0.5)− 0.65= 0.35 atm.

Step 2: Use the first-order rate equation.

For a first-order reaction,

k =
2.303

t
log

P0

PA
.

Using t = 100 s,

k =
2.303
100

log
0.5
0.4
=

2.303
100

(0.097).

Again,

k =
2.303

x
log

0.5
0.35

=
2.303

x
(0.1549).

Step 3: Calculate x .

Equating the two expressions,

0.097
100

=
0.1549

x
.

Therefore,

x = 100
�

0.1549
0.097

�

≈ 160 s.

Hence,

160 s .

Thus,

(B)

is the correct answer.
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Quick Tip: For the decomposition

A→ B + C ,

the partial pressure of reactant is

PA = 2P0 − Pt .

Then use the first-order equation

k =
2.303

t
log

P0

PA
.

145. At T(K), adsorption of gas (A) on solid adsorbent (B) follows Freundlich adsorption

isotherm. On 10 g of B, adsorption of gas (A) gave the isotherm shown below. What is x (the

quantity of A adsorbed in one gram of B) when the pressure of A is 1.259 atm?

(log 1.259= 0.1, Antilog(0.1) = 1.259)

(A) 1.259

(B) 12.59

(C) 0.1259

(D) 0.1

Correct Answer: (B) 12.59

Solution:

Step 1: Write Freundlich adsorption isotherm.

Freundlich adsorption isotherm is

x
m
= kP1/n.
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Taking logarithm,

log
� x

m

�

= log k+
1
n

log P.

Hence, a graph of

log
� x

m

�

vs log P

is a straight line.

Step 2: Obtain the equation of the line.

From the graph,

(log P, log(x/m)) = (0.1,0.1)

and

(1,1).

Thus, the straight line is

log
� x

m

�

= log P.

Hence,

x
m
= P.

Step 3: Calculate the adsorption.

For

P = 1.259 atm,

x
m
= 1.259.

Since adsorption was measured on

10 g
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of adsorbent,

x = 10× 1.259= 12.59.

Hence,

12.59 .

Thus,

(B)

is the correct answer.

Quick Tip: Freundlich adsorption isotherm is

x
m
= kP1/n

or

log
� x

m

�

= log k+
1
n

log P.

The slope of the graph gives

1
n

.

146. Identify the pair of metals which are refined by zone refining method?

(A) Zr, Ti

(B) Ga, Ti

(C) Ga, In

(D) Al, Cu

Correct Answer: (C) Ga, In
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Solution:

Step 1: Recall the metals purified by zone refining.

Zone refining is used for obtaining ultra-pure metals and semiconductors.

Common examples are

Ge, Si, Ga, In.

Step 2: Choose the correct pair.

Among the given options, only

Ga, In

are purified by zone refining.

Hence,

(C)

is the correct answer.

Quick Tip: Zone refining is based on the principle that

Impurities are more soluble in the molten state than in the solid state.

It is commonly used for

Si, Ge, Ga, In.

147. XeF4 on reaction with O2F2 at 143 K gives a Xenon compound A. On complete hydrolysis,

A gives HF and B. The hybridisation of the central atom in B is

(A) sp3

(B) sp2

(C) sp3d

(D) sp3d2

Correct Answer: (A) sp3
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Solution:

Step 1: Identify compound A.

The reaction

XeF4 +O2F2

at

143 K

produces

XeOF4.

Step 2: Complete hydrolysis of A.

Complete hydrolysis of

XeOF4

gives

XeO3

and HF.

Thus,

B = XeO3.

Step 3: Determine the hybridisation.

In

XeO3,

the central xenon atom has

3 bond pairs+ 1 lone pair= 4
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electron pairs.

Hence, the hybridisation is

sp3.

Thus,

(A)

is the correct answer.

Quick Tip: Remember the sequence

XeF4
O2F2−−→ XeOF4

H2O
−−→ XeO3

The central Xe atom in XeO3 is

sp3

hybridised.

148. Which of the following statements are correct?

I. Reaction of bromine with excess fluorine gives a T-shaped compound.

II. Iodine oxides decompose on heating.

III. Roasting of sulphide ores gives SO2 as a byproduct.

The correct answer is

(A) I, II only

(B) II, III only

(C) I, III only

(D) I, II, III

Correct Answer: (B) II, III only

Solution:

Step 1: Check Statement-I.
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Bromine reacts with excess fluorine to form

BrF5,

which has a

square pyramidal

shape and not a T-shaped geometry.

Hence,

Statement-I is incorrect.

Step 2: Check Statement-II.

Iodine oxides are thermally unstable and decompose on heating.

Hence,

Statement-II is correct.

Step 3: Check Statement-III.

During roasting,

Metal sulphide+O2→Metal oxide+ SO2.

Therefore,

SO2

is evolved as a byproduct.

Hence,

Statement-III is correct.

Thus,

(B)
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is the correct answer.

Quick Tip: Remember:

BrF3→ T-shaped

BrF5→ Square pyramidal

Roasting of sulphide ores always liberates

SO2.

149. Which of the following reactions are correct with respect to the formation of products?

I.

XeF6 +NaF→ Na[XeF7]

II.

XeF2 + PF5→ [XeF]+[PF6]
−

III.

XeF4 + SbF5→ [XeF3]
+[SbF6]

−

The correct answer is

(A) II, III only

(B) I, III only

(C) I, II only

(D) I, II, III

Correct Answer: (D) I, II, III

Solution:

Step 1: Check Statement-I.

XeF6
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acts as a Lewis acid and accepts

F−

from NaF to form

Na[XeF7].

Hence,

Statement-I is correct.

Step 2: Check Statement-II.

PF5

acts as a fluoride ion acceptor.

Therefore,

XeF2 + PF5→ [XeF]+[PF6]
−.

Hence,

Statement-II is correct.

Step 3: Check Statement-III.

Similarly,

SbF5

removes

F−

from

XeF4,
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forming

[XeF3]
+[SbF6]

−.

Hence,

Statement-III is correct.

Therefore,

(D)

is the correct answer.

Quick Tip: Strong Lewis acids such as

PF5 and SbF5

abstract fluoride ions from xenon fluorides, producing ionic xenon fluorides.

150. Match the following

The correct answer is

(A) A–IV, B–I, C–II, D–III

(B) A–I, B–II, C–IV, D–III

(C) A–III, B–IV, C–II, D–I

(D) A–IV, B–II, C–I, D–III

Correct Answer: (D) A–IV, B–II, C–I, D–III
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Solution:

Step 1: Recall the standard reduction potentials.

The standard reduction potentials are

Mn2+/Mn= −1.18 V,

Cr2+/Cr= −0.90 V,

Fe2+/Fe= −0.44 V,

Co2+/Co= −0.28 V.

Step 2: Match the values.

Hence,

A→ IV,

B→ I I ,

C → I ,

D→ I I I .

Thus, the correct matching is

A–IV, B–II, C–I, D–III.

Therefore,

(D)

is the correct answer.

Quick Tip: The important standard reduction potentials are

Mn2+/Mn= −1.18 V,

Cr2+/Cr= −0.90 V,

Fe2+/Fe= −0.44 V,

Co2+/Co= −0.28 V.

These values are frequently asked in competitive examinations.
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151. The primary and secondary valencies of chromium in the complex ion,

[CrCl2(C2O4)2]
3−

are respectively x and y. The sum of x and y is

(A) 7

(B) 8

(C) 9

(D) 6

Correct Answer: (C) 9

Solution:

Step 1: Find the primary valency of chromium.

Let the oxidation state of chromium be x .

Since,

2(Cl−) = −2,

and

2(C2O2−
4 ) = −4,

the overall charge is

−3.

Therefore,

x − 2− 4= −3,

x = +3.

Hence, the primary valency is
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3.

Step 2: Find the secondary valency.

Secondary valency is the coordination number.

Here,

2 Cl−

contribute

2

coordination sites and each oxalate ligand is bidentate.

Thus,

2+ 2× 2= 6.

Hence, the secondary valency is

6.

Step 3: Calculate x + y .

x + y = 3+ 6= 9.

Hence,

9 .

Thus,

(C)

is the correct answer.
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Quick Tip: For coordination compounds,

Primary valency= Oxidation state

and

Secondary valency= Coordination number.

A bidentate ligand contributes two coordination sites.

152. The polymer formed by X and Y is

(A) Glyptal

(B) Bakelite

(C) Nylon 6,6

(D) Dacron

Correct Answer: (B) Bakelite

Solution:

Step 1: Identify X .

Controlled oxidation of methane in presence of

Mo2O3

produces

HCHO

(formaldehyde).

Step 2: Identify Y .
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Chlorobenzene on treatment with

NaOH

at high temperature and pressure followed by acidification gives

C6H5OH

(phenol).

Step 3: Identify the polymer.

Phenol reacts with formaldehyde to produce

Bakelite.

Hence,

(B)

is the correct answer.

Quick Tip: Remember the important polymer formations:

Phenol + Formaldehyde −→ Bakelite

Ethylene glycol + Terephthalic acid −→ Dacron

Glycerol + Phthalic acid −→ Glyptal

153. Match the following
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The correct answer is

(A) A–III, B–IV, C–I, D–II

(B) A–III, B–V, C–II, D–I

(C) A–II, B–V, C–I, D–III

(D) A–III, B–IV, C–II, D–I

Correct Answer: (B) A–III, B–V, C–II, D–I

Solution:

Step 1: Recall the deficiency diseases.

Thiamine (Vitamin B1)→ Beri beri,

Ascorbic acid (Vitamin C)→ Scurvy,

Pyridoxine (Vitamin B6)→ Convulsions,

Riboflavin (Vitamin B2)→ Cheilosis.

Step 2: Match the lists.

Therefore,

A→ I I I ,

B→ V,

C → I I ,

D→ I .

Hence,

A–III, B–V, C–II, D–I.
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Thus,

(B)

is the correct answer.

Quick Tip: Important vitamin deficiencies:

B1→ Beri beri,

B2→ Cheilosis,

B6→ Convulsions,

C→ Scurvy,

D→ Rickets.

154. The artificial sweetener which contains −Cl in its structure and is stable even at cooking

temperatures is

(A) Aspartame

(B) Alitame

(C) Saccharin

(D) Sucralose

Correct Answer: (D) Sucralose

Solution:

Step 1: Recall the properties of artificial sweeteners.

Sucralose is obtained by replacing three hydroxyl groups of sucrose with chlorine atoms.

Hence, it contains

−Cl

in its structure.

Step 2: Check thermal stability.

Sucralose is highly stable at cooking temperatures and is widely used in baked and cooked

foods.
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Therefore,

Sucralose

satisfies both the given conditions.

Thus,

(D)

is the correct answer.

Quick Tip: Remember:

Sucralose

• Contains chlorine atoms.

• Stable at high cooking temperatures.

• Derived from sucrose.

155. Bromination of toluene in the presence of anhydrous AlCl3 gave X and bromination of

cyclohexene in the presence of light yielded Y . X and Y respectively are

(A) Aryl bromide, Allyl bromide

(B) Benzyl bromide, Allyl bromide

(C) Aryl bromide, Vinyl bromide

(D) Benzyl bromide, Vinyl bromide

Correct Answer: (A) Aryl bromide, Allyl bromide

Solution:

Step 1: Identify X .

Bromination of toluene in the presence of

Br2/AlCl3

proceeds by electrophilic aromatic substitution on the benzene ring.
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Hence, the product is

Aryl bromide.

Step 2: Identify Y .

Bromination of cyclohexene in the presence of light proceeds through free radical substitution

at the allylic position.

Hence, the product is

Allyl bromide.

Step 3: Write the answer.

Therefore,

X = Aryl bromide,

and

Y = Allyl bromide.

Thus,

(A)

is the correct answer.

Quick Tip: Remember:

Br2/AlCl3→ Electrophilic aromatic substitution

Br2/hν→ Free radical allylic substitution

156. Identify the sets in which A, B and C of the following reaction sequence are in correct

order
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(CH3)3COH
A
−→ X

(i) B
−−→
(ii) C

(CH3)2CHCH2OH

(Major product)

I. H2SO4; HBr; OH−

II. Cu/573 K; HBr/(C6H5CO)2O2; OH−

III. 20%H3PO4/358 K; (BH3)2; H2O2/OH−

IV. 20%H3PO4/358 K; HBr; OH−

(Major product = major product)

The correct answer is

(A) III, IV only

(B) II, III, IV only

(C) I, II, III only

(D) II, III only

Correct Answer: (D) II, III only

Solution:

Step 1: Identify intermediate X .

Tert-butyl alcohol on dehydration gives

2-methylpropene.

Both

Cu/573 K

and

20%H3PO4/358 K

produce this alkene.

Step 2: Check the conversion to the final product.

Set II:
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HBr/(C6H5CO)2O2

adds HBr by the peroxide effect to form the anti-Markovnikov product, which on hydrolysis

gives

(CH3)2CHCH2OH.

Hence, Set II is correct.

Step 3: Check Set III.

Hydroboration-oxidation,

(BH3)2, H2O2/OH−,

directly gives the anti-Markovnikov alcohol

(CH3)2CHCH2OH.

Hence, Set III is correct.

Step 4: Reject the remaining sets.

Sets I and IV involve Markovnikov addition of HBr followed by hydrolysis, leading to tert-butyl

alcohol rather than the required major product.

Hence, they are incorrect.

Therefore,

II and III only

are correct.

Thus,

(D)

is the correct answer.
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Quick Tip: For alkenes,

HBr/peroxide

and

BH3, H2O2/OH−

both give the

anti-Markovnikov product.

157. Observe the following reaction

C8H8O (X )
Y
−→ Z

Aromatic compound X gives both iodoform and 2,4-DNP tests. Product Z liberates CO2 with

NaHCO3 solution. Identify the set(s) in which Y is correctly represented from the following.

I. Zn−Hg/HCl; KMnO4/OH−; H3O+

II. KMnO4/OH−; H3O+

III. LiAlH4; H2O

The correct answer is

(A) I, II only

(B) I, III only

(C) II, III only

(D) I only

Correct Answer: (A) I, II only

Solution:

Step 1: Identify compound X .

The compound gives both

Iodoform test
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and

2,4-DNP test,

therefore X must be a methyl ketone.

The aromatic compound with molecular formula

C8H8O

is

C6H5COCH3

(acetophenone).

Step 2: Check Set-II.

Oxidation of acetophenone with alkaline

KMnO4

followed by acidification converts the side chain into

C6H5COOH

(benzoic acid), which liberates

CO2

with

NaHCO3.

Hence,

Set-II is correct.

Step 3: Check Set-I.

Clemmensen reduction first converts acetophenone into ethylbenzene.
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Subsequent oxidation with

KMnO4/OH−

followed by acidification again gives

Benzoic acid.

Hence,

Set-I is also correct.

Step 4: Check Set-III.

Reduction with

LiAlH4

produces a secondary alcohol,

which does not react with

NaHCO3

to evolve

CO2.

Hence,

Set-III is incorrect.

Therefore,

I and II only

are correct.

Thus,
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(A)

is the correct answer.

Quick Tip: An aromatic methyl ketone

ArCOCH3

gives both the

Iodoform test

and the

2,4-DNP test.

Strong oxidation with

KMnO4

converts the side chain into

ArCOOH.

158. Consider the following reaction sequence

p-Toluidine
NaNO2+HCl
−−−−−−→

273–278K

X
−→ Y

Identify the set(s) in which X and Y are correctly arranged.

The correct answer is

(A) I, II only

(B) II only
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(C) I, III only

(D) III only

Correct Answer: (A) I, II only

Solution:

Step 1: Formation of diazonium salt.

p-Toluidine on treatment with

NaNO2/HCl

at

273–278 K

forms

p-methyl benzene diazonium chloride.

Step 2: Check Set-I.

Treatment with

CuCN/KCN

(Sandmeyer reaction) gives

p-methyl benzonitrile.

Hydrolysis converts it into

p-methyl benzoic acid.

Hence,

Set-I is correct.

Step 3: Check Set-II.

Reaction with
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CuBr/HBr

forms

p-bromotoluene.

Oxidation using

KMnO4/OH−

followed by acidification converts the methyl group into

p-bromobenzoic acid.

Hence,

Set-II is correct.

Step 4: Check Set-III.

H3PO2

reduces the diazonium group to hydrogen, producing toluene, not anisole.

Hence,

Set-III is incorrect.

Therefore,

I and II only

are correct.

Thus,

(A)

is the correct answer.
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Quick Tip: Important reactions of aryl diazonium salts:

CuCN→−CN

CuBr→−Br

H3PO2→−H

159. What are X and Y respectively in the following reaction sequence?

(A) X = 3-Phenylpropanoic acid, Y = p-Bromobenzoic acid

(B) X = 2-Phenylpropanoic acid, Y = p-Bromobenzoic acid

(C) X = 2-(4-Bromophenyl)propanoic acid, Y = Benzoic acid

(D) X = 3-Phenylpropanoic acid, Y = Benzoic acid

Correct Answer: (B) X = 2-Phenylpropanoic acid, Y = p-Bromobenzoic acid

Solution:

Step 1: Identify Y .

Ethylbenzene undergoes bromination with
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Br2/Fe

by electrophilic substitution to give mainly

p-bromoethylbenzene.

Oxidation of the side chain using

KMnO4/OH−

followed by acidification converts the ethyl group into

p-bromobenzoic acid.

Thus,

Y = p-bromobenzoic acid.

Step 2: Identify X .

Ethylbenzene reacts with

Br2/hν

to give

PhCHBrCH3

(benzylic bromination).

Treatment with

Mg/dry ether

forms the corresponding Grignard reagent,

which on reaction with

CO2

followed by hydrolysis gives
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PhCH(CH3)COOH

(2-phenylpropanoic acid).

Hence,

X = 2-Phenylpropanoic acid.

Therefore,

(B)

is the correct answer.

Quick Tip: Remember:

ArCH2Br
Mg
−→ ArCH2MgBr

CO2/H3O+
−−−−−−→ ArCH2COOH

Benzylic bromination occurs with

Br2/hν.

160. Which of the following set(s) of reagents convert benzoic acid (X ) to primary amine (Y )

with one carbon atom more than that in X?

I. NH3/∆; Br2, OH−

II. LiAlH4; H2O

III. LiAlH4, H2O; NaBr/H2SO4; KCN; H2/Ni

The correct answer is

(A) I, II only

(B) II, III only

(C) III only

(D) II only

Correct Answer: (C) III only
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Solution:

Step 1: Requirement of the reaction.

Benzoic acid contains

7

carbon atoms. The required primary amine must contain

8

carbon atoms, i.e., one carbon more than benzoic acid.

Step 2: Check Set-I.

C6H5COOH
NH3,∆
−−−→ C6H5CONH2

Br2/OH−

−−−−→ C6H5NH2

The Hofmann bromamide reaction removes one carbon atom.

Thus, aniline has only

6

carbon atoms.

Hence,

Set-I is incorrect.

Step 3: Check Set-II.

C6H5COOH
LiAlH4−−−→ C6H5CH2OH

Only benzyl alcohol is formed; no amine is obtained.

Hence,

Set-II is incorrect.

Step 4: Check Set-III.
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C6H5COOH
LiAlH4−−−→ C6H5CH2OH

C6H5CH2OH
NaBr/H2SO4−−−−−−→ C6H5CH2Br

C6H5CH2Br
KCN
−−→ C6H5CH2CN

C6H5CH2CN
H2/Ni
−−−→ C6H5CH2CH2NH2

The nitrile introduces one additional carbon atom, and reduction gives a primary amine.

Hence,

Set-III is correct.

Therefore,

III only

is the correct answer.

Thus,

(C)

is the correct answer.

Quick Tip: To increase the carbon chain by one and obtain a primary amine:

R−X
KCN
−−→ R−CN

H2/Ni
−−−→ R−CH2NH2

The cyanide ion contributes one additional carbon atom.
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